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S.S. World Glory is launched February !0th at the Quincy Shipyard of the Bethlehem Steel Company. 


WORLD’S LARGEST TANKER 


Boasting a capacity of 16,500,000 gallons, the 
S.S. World Glory has nearly triple the capaci- 
ty of the well-known T-2 tankers built for 
service in World War II. And size is not her 
only attribute, for this great ship exemplifies 
modern marine design in every detail from 
her long, graceful lines to the two C-E Boilers 
which assure her of powerful, reliable pro- 
pulsion. 

World Glory—another name added to the 
large and growing list of notable ships 
powered by C-E Boilers. B-737A 


COMBUSTION ENGINEERING, 


Combustion Engineering Building 
200 Madison Avenue, New York 16, N. Y. 


ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT FOR MARINE 


AND STATIONARY APPLICATIONS 
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Crane 900-Pound Pressure- 
Seal Gate Valve. Also in 600 
and 1500-Pound classes. 


No Bonnet-Joint Leakage 


No Bonnet-Joint Maintenance 


These are but two of many reasons why leading marine 
engineers are specifying Crane Pressure-Seal Gate 
Valves for high-temperature high-pressure steam serv- 
ices. Full particulars given in Circular AD-1819 sent 
on request. 


CRANE CO., General Offices: 
836 S. Michigan Ave., Chicago 5, IIl. 
Branches Serving All Marine Areas 


CRANE 


VALVES FITTINGS PIPE PLUMBING e HEATING 
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CUTLESS BEARINGS 


Stern hea and Struts 


Soft rubber bearing surface—efficiently lubricated by water—this bear- 
ing far outlasts all hard surface types, protects propeller shafts, reduces 
vibration. More than pays for itself in extra wear alone. Saves you 
time, trouble, and upkeep expense. Write for 60-page booklet. 


LUCIAN Q. MOFFITT, INC. 
AKRON, OHIO 


EREVER THERE'S A COOPER-BESSEMER 


Navy and Coast Guard men who have had 
experience with C-B Diesels, who have de- 
pended upon them in action, know that 
these fine engines stand for dependability 
in its broadest sense. Perhaps they do not 
know that the outstanding performance of 
every modern Cooper-Bessemer is due in 
part to a century-old background of engine- 
building experience. This, combined with 


truly advanced engineering, has enabled 
Cooper-Bessemer Diesels to do a notable 
job in Navy and Coast Guard vessels from 
the biggest combat ships to relatively small 
patrol boats. Yes, you can always count on 
Cooper-Bessemers for Diesel performance 
at its finest. 


The Cooper-Bessemer Corporation 
MOUNT VERNON, OHIO — GROVE CITY, PENNA. 
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iv ADVERTISEMENTS 


: ELLIOTT 
serves the fleet and Naval bases with such equip- 


OF Motors Generators 
Deaerating Feedwater Heaters 
Turbine-Generators * Mechanical Drive Turbines 
Condensers ¢ Strainers *« Tube Cleaners 


Information and bulletins on ? Q-1075a 


ELLIOTT COM PANY JEANNETTE 


District Offices in Principal Cities — 


WASHINGTON’S 
OLDEST 
COMMERCIAL 
PHOTO-ENGRAVING 
HOUSE 


Each Lanman Engraving is 
engineered from a blueprint 
of rigid quality standards and 
precision workmanship . . . for 
quality and service it’s Lanman! 


ENGRAVING COMPANY 


POWER 
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ADVERTISEMENTS Vv 


when they made these 
Line Blind Valves 


A simple, quick, yet positive way was 
needed for tanker crews to shut off 
lines between tanks carrying different 
fuels. 

That’s why these unusual Rigid-Type 
Line Blind Valves were developed by 
the Hamer Oil Tool Company of Long 
Beach, California. 

“Line blinding” had long been prac- 
ticed as a positive shut-off where con- 
taminating leakage could spell disaster 
to liquid cargoes . . . practiced because 
ordinary valves can begin to leak, 
whether through wear or erosion, or 
through distortion due to expansion in 
the line. 

But “blinding a line” was a tedious 
and time-consuming task. A crew of 
several men had to insert special plates 
and gaskets between the flanges. 

With Hamer’s Line Blind Valve one 
man can get positive, permanent shut- 
off in the line in less than a minute. 

However, where these valves are sub- 
ject to the corrosive action of intermit- 
tent flushing with salt water, the danger 
of eventual leakage is again present. 
Hamer engineers decided a corrosion- 
resisting alloy trim would be needed 


Inco Nickel Alloys dif, 


Hamer wasn’t Blind 
fo corrosion... 


These Rigid-Type Hamer Line 
Blind Valves are used in tankers 
for a permanent, positive shut-off 
between tanks containing different 
fuels. They are faced with an over- 
lay of welded Monel, to avoid cor- 
rosion when flushed with salt water. 


at the packing and gasket contact faces. 

After considerable testing, they de- 
cided on welding overlays of Monel®. 
With many various sizes of valves to 
trim for any one tanker, Monel could 
be economically and practically applied 
by overlay welding, then machined to 
specifications. 

If you have a special valve trim or 
other marine metal problem — one 
where you have to consider corrosion, 
wear, and high temperatures — write 
The Inco Nickel Alloys Sales Depart-- 
ment and give them the details. They'll 
be glad to suggest a suitable material. 


The International Nickel Company, Inc. 
67 Wall Street New York 5, N. Y. 


It’s the Seagoin’® metal” 
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‘GRISCOM- 
RUSSELL 


E THE GRISCOM-RUSSELL CO., MASSILLON, OHIO. 


GIBBS & COX, INC. 
NAVAL ARCHITECTS AND MARINE ENGINEERS 


ONE BROADWAY - 21 WEST STREET 


NEW YORK, NEW YORK 


9 Plants 
Feedwater 
Heater, 
Oil Coolers 
| Solers 
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ADVERTISEMENTS 


Dependability 
proved 


IN THE AIR 
ON LAND Pry 


Instruments and controls that reflect exacting 
research and precision engineering. 


COMPANY 


GREAT HECK NEW YORK—CLEVELAND * NEW ORLEANS - BROOKLYN - LOS ANGELES 
SAN FRANCISCO © SEATTLE 
IN CANADA—SPERRY GYROSCOPE COMPANY OF CANADA, LIMITED. MONTREAL. QUEBEC 
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1888-1954 
BATTERIES DEPENDABLE... 
on land, at sea, and in the air. 


THE ELECTRIC STORAGE BATTERY CO., Philadelphia 


PROVEN IN THE SERVICE 


For 62 years, Cutler-Hammer, Pioneer Electrical Manufacturer, has furnished 
dependable control to all departments of the United States government. Built to 
specifications . . . backed by an outstanding record of performance. 
CONTROL APPARATUS FOR ALL MARINE USES 
Motor Control for Every Service, Ventilating Fans, Pumps, Cargo Winches, Capstans, 
Windlasses, Laundry Machines, etc. 


Magnetic Brakes, 

Motor Operators for Valves, 
Limit Switches, 

Solenoids, 


CUTLER-HAMMER, Inc., 1354 St. Paul Avenue, MILWAUKEE 1, WIS. 


Materials for 


MARINE SERVICE 


Incombustible Joiner Materials + Acoustical Materials 
s Ebony for Switch and Panel Boards + Structural Ins 
Boiler and Engine Room In ulations * Packings + 


Johns-Manville 
Box 290, Nelw York 16, N.Y. 


COLLINS RADIO COMPANY 


CEDAR RAPIDS, IOWA 


11 West 42nd Street 1930 Hi-Line Drive ; 2700 West Olive Avenue 
New York 36, N. Y. Dallas 2, Texas Burbank, California 


Designers and manufacturers of radio communication 


and navigation equipment for the Armed Forces. 
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Length Overall 


...Dut no problem to 
this graving dock 


The trend toward larger tankers 
can bring on problems when 
overhauls are needed ... 

However, this 800-foot graving 
dock ...a typical example of the 
many Newport News facilities 
for repairing ships . . . handled 
even this large tanker. 

Here at Newport News, you 
will find not only ample space in 
a completely equipped plant, but 
also the particular engineering 
talents along with the skill and 
facilities that best suit your needs. 

Together they help cut costly 
lay-up time, whatever the vessel’s 
size. Newport News thus plays 
an important role in aiding ship 
owners and operators to keep 
cargo moving. 


The tanker Petrokure, shown in Newport 
News’ 800-foot graving dock for voyage 
repairs, is owned and operated by Universe 
Tankships, Inc. She has the greatest beam 
of any vessel ever docked in this facility. 
The Petrokure...a vessel of 21,262 gross 
tons... has the following dimensions: 

Length overall. . .673’ Beam. ..92’ 2” 


Newport 
Shipbuilding 
News | nd Dry Dock 
Company 


Newport News, 
Virginia 
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Chosen for Texaco’s new S.S. North Dakota built by the 
Newport News Shipbuilding and Dry Dock Company, 
De Laval main reduction gears are designed for a long 
hitch of dependable service. 

The De Laval double reduction articulated double heli- 
cal gear is rated at 13,650 shp, and the propeller speed is 
97 rpm. : 

Also on the job are two De Laval 500 kw turbo-generator 
sets as well as four main De Laval IMO rotary pumps— 
two for lube oil and two for fuel oil service. 

For decades, fleet operators have counted on precision- 
made De Laval marine equipment to power passenger and 
cargo ships, tankers, ore carriers and many other types 
of vessels. 


Marine Division 


DE LAVAL STEAM TURBINE COMPANY 
Trenton 2, New Jersey 
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ANACONDA CONDENSER TUBES 


OCEAN QUEEN: 
target for condenser corrosion 


On fast liners, and in fact on all 
turbine-driven ships, Ambraloy-927* 
(aluminum brass) Tubes are a logical 
choice to resist entrance-end turbulence 
and air-bubble attack. Where Admi- 
ralty has sometimes failed due to im- 
ingement corrosion, Ambraloy-927 has 

m used successfully as a replace- 
‘ment. Even where conditions warrant 
a higher-priced tube alloy for main 
condensers, Ambraloy-927 should be 
‘considered for auxiliary or “dynamo” 
condensers. 

Whatever alloy best fits your re- 
quirements, choose it from the exten- 
sive line of ANAconDA Alloys for 
tubes and tube sheets. Our Technical 
Department’s long experience in ana- 
lyzing tube performance problems is 
freely available to you. 

Write for Publication B-2“ANaconpA 
Tubes and Plates for Condensers and 


Heat Exchangers.” The American 
Brass Co., Waterbury 20, Conn. In 
Canada: Anaconda American Brass 
Ltd., New Toronto, Ont. 531014 
*U. S. Patent No. 2,003,685 (ORIG.) 


fer efficient heat transfer 


ANACONDA 


CONDENSER TUBES 
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ADVERTISEMENTS 


FARREL GEARS... 
used by the Navy 


Since 1934, when Farrel began an intensive program of engi- 
neering and manufacturing of propulsion gearing, the Navy 
has used Farrel gears for a wide variety of its vessels. These in- 
clude destroyer escorts, patrol craft, seaplane tenders, sub- 
marines, submarine tenders, mine sweepers, landing craft, 
and tugs. 

When Farrel propulsion gears are used, gear ratio, rather 
than standard speed of propulsion motor or engine, deter- 
mines the speed of the screw. Correct gear ratio can be sup- 
plied for any propeller speed required. 


FARREL-BIRMINGHAM COMPANY, INC. 
ANSONIA, CONNECTICUT 


Xii 

2 
| 
3 
FB-892 
| 
| 
- 


ADVERTISEMENTS xii 


=== Averican Cuemicar Pant Copeany 


AMBLER [dq PENNA. 
Technical Service Data Sheet 


Subject: INDEX OF ACP CHEMICALS FOR METAL 
PRESERVATION AND PAINT PROTECTION 


ET OPERATION ACP CHEMICAL 
Chromate Coating, in Preparation for 
Paintin **CROMODINE” 
‘leaning “*ACP RIDOLINES A RID 
Cleaning for Painting “DEOXIDINE™ 
“DURIDINE”’ 
Coating with Copper ‘*CUPRODINE”’ 
Drawing and Extrusion ““GRANODRAW” 
Paint Bonding “CROMODINE™ 
*“‘DURIDINE”’ 
“*GRANODINE” 
w **PERMADINE” 
“*THERMOIL-GRANODINE”’ 
a Paint Strippin: “*CAUSTIC SODA AND SOLVENT NO. 3' 
| Phosphate in Preparation for 
= Painting “*DURIDINE” 
“*“GRANODINE” 
“*PERMADINE” 


Phosphate Coating, to Protect Friction 


Surfaces **THERMOIL-GRANODINE” 
Pickling with Inhibited Acids **RODINE”’ 
Rust Prevention for Unpainted Iron “*PEROLINE” 
Rust jing *“*PERMADINE™ 


GALVANIZED IRON, 
ZINC, AND CADMIUM 


Rust Removal —Brush, Dip, or “*DEOXIDINE”’ 
ing x “FLOSOL” 
**DURIDINE”’ 
Cleaning *“*ACP RIDOLINES AND RIDOSOLS” 


| Corrosion Proofing 


Paint Bondin 
Phosphate Coating, in Preparation for 


“*ZINODINE”* 
bee - INODINE”’ 


ALUMINUM 


_Painting “*LITHOF ORM” 
Soldering Flux “‘*FLOSOL” 
Cleaning “*DEOXIDINE” 
“*DURIDINE” 


Preparation for Painting 


““ACP RIDOLINES AND RIDOSOLS”’ 
“"ALOD 
‘*DURIDINE”’ 
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WRITE FOR DESCRIPTIVE 


ABOVE CHEMICALS AND FOR INFORMATION ON 
YOUR OWN METAL PROTECTION PROBLEMS 
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ADVERTISEMENTS 


M-329 


“| never thought double-casings 
could make such a difference’’ 


The Chief is right. And he has a working knowledge of the advantages 
of B&W Double-Cased Marine Boilers—proved under high furnace pressures 
in some of the finest, fastest naval and merchant ships afloat. 


Problems encountered in providing power for faster present-day ships and 
those planned for the future are many; their solution can be both difficult 
and expensive. 

The trend in modern ships is to more speed with slight increase in boiler 
size and no increase in number of units. This means that, within these limits, 
each boiler furnace must burn more oil per unit volume, which results in 
higher furnace pressures. These increased pressures are very likely to cause 
casing and soot leaks. They can also increase radiation losses and make 
for hotter firerooms. 

The Double-Cased feature of B&W Marine Boilers is the answer to these 
problems. Double-Casings provide the means by which casing leaks and 
radiation losses are efficiently overcome in meeting the demands for more 
power. A small part of combustion air—between the inner and outer cas- 
ings—is always at higher pressure than the pressure in the furnace. This 
provides a wall of air around the inner casing which eliminates the possibility 
of gas escaping into the fireroom. The air, passing to the furnace between 
the inner and outer casings, picks up heat that otherwise would develop as 
radiation loss. This, alone, contributes to important fuel economies. Over-all 
cooler casings result from reduced radiation loss, with greater working com- 
fort—a decided advantage at higher temperatures. Double-Casings mean 
cleaner firerooms, cleaner machinery. This adds up to less maintenance 
and repair work. 

These far-reaching advantages are typical of the important contributions that 
designers, builders and owners have learned to expect from B&W. If you 
want improved fireroom conditions—cleaner, cooler, safer—while saving on 
fuel, we will be glad to discuss your special needs with you. The Babcock & 
Wilcox Company, Boiler Division, 161 East 42nd Street, New York 17, N. Y. 


BABCOCK 
«WILCOX 


BOTH HEADER AND DRUM TYPE 
BONERS FOR ALL TYPES OF SHIPS 
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ADVERTISEMENTS XV 


You’re a jet pilot. Your job is to land on 40 yards of a carrier’s pitching 
flight deck at 135 m.p.h. Too slow and you stall out. Too fast and you 
crash the barrier. You must come in at the right speed and it’s always 
been strictly up to you and the Landing Signal Officer. 


Now the Raytheon Speed Indicator Radar becomes your partner. It 
clocks the approaching plane, automatically allows for speed of air- 
craft, carrier, and wind to give true air speed. Result: new safety for 
men and planes, new proof of Raytheon’s ‘‘Excellence in Electronics.’’ 


*Landing Signal Officer of ‘‘The Bridges at Toko-ri,” James A. Michener’s 
novel of jet pilots in the Korean war. 


oe 
ALE 


Westinghouse 
“The Spot" Marine 


+ PORT ENGINEERS 
@ MARINE WAREHOUSES 
4 REPAIR SHOPS 


Use these strategically located Navy- Westinghouse Service facili- 
ties whenever you require ... 

Solution of installation, operating and maintenance problems;: 
Instruction of Navy personnel in operation and maintenanceg. | 
Competent inspection for preventive maintenance or trouble 
correction. This experienced service is available FREE to the Navy. 

Navy-Westinghouse Service means fast, efficient repairs on 
steam or electrical equipment. You can take full advantage of 
this Service by consulting your Westinghouse Engineer or by 
contacting the nearest Westinghouse Sales Office. J-93469-A 


To put ships in service. .. to keep them on the job 


Xv1 ADVERTISEMENTS 
SAN MILWAUKEE new +9 +e BOSTON 
YOU CAN BE 
Westinghouse MARINE SERVICE 


ADVERTISEMENTS Xvii 


Our United States Navy submarines with their superb crews will help 
protect our shores and our shipping from possible enemy undersea craft. 
Supreme dependability and instant response are requiréd of engines and 
crews. The United States Navy has installed General Motors engines with 
Diesel-Electric Drive in submarines of this new “K”’ class. 


No Substitute for Diesel-Electric Drive 
Cleveland Diesel Engine Division 


DIESEL 
CLEVELAND 11, OHIO POWER | 


GENERAL MOTORS 


4 
i 
: ENGINES FROM 150 
TO 2000 H. P. 


“Gunner to Pilot... two 
fighters ... turning in!’ 


No TIME TO REPEAT this message. He must get 
every word right the first time. 


In today’s higher-speed, higher-altitude 
bombers, crewmen must quickly grasp every 
code-word passed. Speed of intercommunica- 
tion has to keep pace with speed of operation. 


Working since 1947, RCA engineers have de- 
veloped the AN/AIC-10—an intercom system 
which meets Air Force requirements for high 
intelligibility under conditions of extreme noise 
and altitude. RCA noise-discriminating micro- 
phones have two faces which “balance out” 
extraneous noises, transmit sounds only from 
the speaker’s mouth. Unique filter, amplifier 
and automatic volume-control circuits reduce 
the effect of extraneous noise. Altitude-com- 
pensating headsets maintain sea-level sensitivity 
at 40,000 feet or more—and give crews maxi- 
mum head comfort. 


Now in full production, the AN/AIC-10 is 
but one of many complete electronic systems 
RCA has developed for the Armed Forces. 
RCA engineering—from original planning to 
final production—assures greater efficiency, 
effectiveness and safety in operation. 


300,000 Spotters Wanted. Men, women 
volunteers for Ground Observer Corps to 
help the Air Force search for hostile air- 
craft, man Air Defense filter centers, do 
many Air Defense team jobs. 200,000 pa- 
triotic Americans are now serving. Contact 
your local Air Force Office. 


IMERICA 


CAMDEN, WN.J 
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ENGINEERING PRODUCTS DIVISION 
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ADVERTISEMENTS 


LIDGERWOOD 


Established 1873 


DESIGNERS and BUILDERS OF WORLD'S LARGEST 
and MOST POWERFUL ELECTRO-HYDRAULIC 
STEERING GEARS. 


Furnished For: 
S. S. "UNITED STATES" 
Ss. S. "AMERICA" 


U. S. "IOWA" CLASS BATTLESHIPS 


Exclusive Licensee in U. S. for 


DENNY-BROWN SHIP STABILIZERS 


DESIGNERS and BUILDERS OF EVERY TYPE AND SIZE OF 


STEERING AND DECK MACHINERY 


LIDGERWOOD INDUSTRIES, INC. 


7 Dey Street New York 7, N. Y. 
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S. S. United States, world's 
newest and fastest liner 


Whatever the Cargo... 


WHETHER PERSONNEL OR MATERIEL, it’s a safe 
bet that Allis-Chalmers is helping in its care and shipment. 
Builder of basic machinery for all industries, A-C supplies 
the marine industry with main propulsion units; pumps, 
motors and control; condensers and air ejectors; generators, 
transformers and lighting sets. 

Allis-Chalmers equipment sailed the globe on all types 
of craft in World War II and continues in action with 
today’s fleet. In addition to the products mentioned above, 
newly developed equipment will greatly improve tomor- 
row’s fleet, on and below the surface. 


ALLIS-CHALMERS 


Milwaukee 1, Wisconsin A-3947 


John G. Munson, largest aaa 
and fastest self-unioader 
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ADVERTISEMENTS xxi 


All types of deck covering 
except wood—for EVERY 
type of ship—sprayed 
asbestos insulation. 


SELBY, BATTERSBY & CO. 


BATTERSBY « CO. 


aleo 1925 


KINGSBURY 
THRUST BEARINGS 


Preferred through two World Wars for their 
dependability under difficult loads and speeds. 
Each ship of "Missouri Class has 


36 Kingsbury Bearings, including the 
four main thrusts. 


Kingsbury Machine Works, Inc. Philadelphia 24, Pa. 
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9 
The world’s 
broadest line 
of 
e 
engine-room 
auxiliaries 
Steam-turbine generator units .. . 
Steam turbines... Direct and geared 
turbine units . . . Centrifugal pumps 
gear- vane-type pumps .. . Ver- 
tical turbine pumps . . . Steam con- 
densers and steam-jet ejectors . . . 
Deaerating feed-water 
Air compressors . . . Diesel engines 
. . . Refrigerating and air-condition- 
ing equipment . . . Multi-V-Belt 
drives . . . Liquid meters. 
Worthington welcomes your in- 

quiries concerning special pumping 


or power problems. Write, stating 
requirements or coeiation of en- 


orthington 
orporation, Marine Division, 
Harrison, N. J. 


Marine Equipment. 
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ADVERTISEMENTS xxiii 


U.S.8. DRAYTON DD366 
DELIVERED SEPT. 1, 1936 L.0.A. 341° 


Preto 
| DELIVERED DEC. 5, 1950 L.0.A. 69 
4 


U.S.S. GLEAVES DD423 » 
DELIVERED JUNE 14, 1940 L.O.A. 348 


U.S.8. NICHOLAS DD449 
DELIVERED JUNE 4, 1942 L.0.A. 376° 


a 


BARTON DD722 
DELIVERED DEC. 30, 1943 L.0.A. 376 


U.8.8. FRANK KNOX DD742 
DELIVERED DEC. 8, 1944 L.0.A. 390° 


LsT 
DELIVERED NOV. 21, 1952 L.O.&, 364 


U.S.S. MITSCHER DL2 
DELIVERED MAY 6, 1953 L.O.A. 493 


U.S.S. DEALEY DE1006 
TO BE DELIVERED 1954 L.O.A. 314 


Some Bath built ships which were first in their class 
delivered to the United States Navy. 


BATH IRON WORKS 


Shipbuilders and Engineers 
BATH, MAINE 


| 
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BEST BULK CARGO CARRIER 
BUSINESS TODAY! 


cargo from rear bases to the front lines 
is just a flight in itself. For other aircraft 
there must be other added equipment: Loading with 
special cargo handling equipment at point of 

ture — plus the often prohibitive cost of i 
pieces too big to get into the plane — plus the danger 
and costly delay of unloading and re-assembling at 
destination. The combat proven Fairchild C-119 is 
built to avoid these “extras.” Designed specifically as 
a bulk cargo carrier, the “Flying Boxcar” hauls every 
conceivable kind of military cargo without dismantling 
and without special loading equipment — resulting in 

i cargo carrier in 


MAGERSTOWN. MARYLAND 


Guided Missiles Division, Wyandanch, L. |., Engine Division, Farmingdale, L. N.Y. 
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U. S. NAVAL INSTITUTE 


FOUNDED IN 1873 


“FOR THE ADVANCEMENT OF PROFESSIONAL, LIT- 
ERARY, AND SCIENTIFIC KNOWLEDGE IN THE NAVY” 


U. S. NAVAL INSTITUTE PROCEEDINGS 


PUBLISHED MONTHLY, ILLUSTRATED EXTENSIVELY, FOR OVER . 
SEVENTY-FIVE YEARS HAS BEEN THE NAvy’s Forum. 


MEMBERS OF THE AMERICAN 
SOCIETY OF NAVAL ENGINEERS 


Should read the PROCEEDINGS for pleasure and profit. The 
issues contain anecdotes and reminiscences, incidents from his— 
tory and essays on topics of naval interest, technical articles and 
treatises on naval development and progress, book reviews and 
discussions, and international and professional notes. Member-— 
ship dues (including PROCEEDINGS), $3.00 a year. Subscrip— 
tion rate, $5.00 a year. (Foreign postage, $1.00 extra.) Single 
copies 50 cents (except some scarce issues). 


APPLICATION FOR MEMBERSHIP 


SECRETARY—TREASURER 

U.S. NAVAL INSTITUTE 

ANNAPOLIS, MARYLAND 

I hereby apply for membership in the U. S. Naval Institute 
and enclose $3.00 in payment of dues for the first year to begin 
With thes. issue of the PROCEEDING (the monthly 
magazine of the U. S. Naval Institute). 

I am interested in the objects and purposes of the Institute, 
namely, the advancement of professional, literary, and scientific 
knowledge in the Navy.I ama citizen of and 
understand that members are liable for dues until the date of 
receipt of their written resignations. 
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BETHLEHEM STEEL COMPANY 


Shipbuilding Divisi 


SHIPBUILDERS 


SHIP REPAIRERS 


NAVAL ARCHITECTS AND MARINE ENGINEERS 


SHIPBUILDING YARDS 


QUINCY YARD 
Quincy, Mass. 


STATEN ISLAND YARD 
Staten Island, N. Y. 


BETHLEHEM-SPARROWS POINT 
SHIPYARD, INC. 


Sparrows Point, Md. 


BEAUMONT YARD 
Beaumont, Texas 


SAN FRANCISCO YARD 
San Francisco, Calif. 


SAN PEDRO YARD 
Terminal Island, Calif. 


SHIP REPAIR YARDS 


BOSTON HARBOR 
Boston Yard 


NEW YORK HARBOR 
Brooklyn 27th Street Yard 
Brooklyn 56th Street Yard 

Hoboken Yard 

Staten Island Yard 


BALTIMORE HARBOR 
Baltimore Yard 


GULF COAST 
Beaumont Yard 
(Beaumont, Texas) 


SAN FRANCISCO HARBOR 
San Francisco Yard 


SAN PEDRO HARBOR 
(Port of Los Angeles) 
San Pedro Yard 


General Offices: 25 Broadway, New York 4, N. Y. 


On the Pacific Coast shipbuilding and ship repairing are performed by the Shipbuilding Division of 
Bethlehem Pacific Coast Steel Corporation 
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NAVAL ARCHITECTS 
MARINE ENGINEERS 


M. ROSENBLATT & SON 


111 BROADWAY, NEW YORK 
BEEKMAN 3-7430 


| 
i 
4 
| 
| 
4 
| 
| 


XXViii 


ADVERTISEMENTS 


Me “Perey WURBINE 


Terry Marine Turbines are dependable, compact, effi- 
cient machines especially designed for driving gener- 
ators, boiler feed pumps, fuel oil pumps, compressors, 
etc. aboard ship. They offer the advantages of over 
fifty years experience in the Marine Field on both 
Commercial and Naval Vessels. 

Turbines ranging from 5 to 3000 H.P. are built in 
the Terry Solid Wheel design as well as in the Axial 
Flow, single stage and multistage types. 

Complete details on any turbine application will be 
gladly furnished. 


THE TERRY STEAM TURBINE COMPANY 


P. O. BOX 1200 


HARTFORD 1, CONNECTICUT 


7-1190 
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ADVERTISEMENTS 


JANUARY 21, 1954 will live in history as the launching 
day of the world’s first atomic-powered vessel 
... the submarine Nautilus. 


” 


Powered by the silent, invisible, airless “burning 
of nuclear fuel, the new submarine will 

cruise submerged faster, farther, longer than 
any other craft! 


Into this unique and historic vessel . . . built by 
our Electric Boat division . . . the Government of 
the United States, the United States Navy, 

the Atomic Energy Commission, and American 
industry have poured the resources of their 
minds and skills. 


We salute the men who built the Nautilus and 
the crew that will man her. 


GENERAL DYNAMICS 


Orvistons 


GENERAL DYNAMICS CORPORATION ¢ 445 PARK AVENUE, NEW YORK 
PLANTS: GROTON, CONN., BAYONNE, N. J.,. MONTREAL, CANADA 
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“One source’’ buying from G.E. 
saves you detail, time, money 


General Electric Marine Project Co-ordination eliminates costly, time-consuming, 
many-source purchasing; offers you complete planning, engineering, supplying 
and servicing of all propulsion and electrical auxiliary equipment for any 
marine installation. General Electric Company, Schenectady 5, N. Y. 200-106 


GENERAL ELECTRIC 
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THE AMERICAN SOCIETY OF NAVAL ENGINEERS, INC. 


VOL. 66. MAY 1954. No. 2 


Statements contained in articles herein are the private opinions and 
assertions of the writers and should therefore not be construed as reflecting 
the views of The American Society of Naval Engineers, Inc., nor of any 
other organiation with which such writers are affiliated. 


The Society as a body is not responsible for statements made by individual members 


CouNCIL OF THE SOCIETY 
(Under whose supervision this number is published). 
Rear Admiral Frepertck R. Furtn, U. S. N., President 
Commander C. H. Campsett, U.S. N. R. Captain H. M. Hetser, U.S. N. 


Mr. H. E. CARLETON Captain L. V. Honsrncer, U.S. N. 
Captain G. M. Cuampers, U.S. N. Commander J. W. Naas, U.S.C. G. 
Mr. J. F. HANLON Captain Wesster, U.S. N. 


Captain R. E. W. Harrison, U.S. N. R. 
Captain J. E. Hamitton, U.S.N., (Ret.), Secretary-Treasurer 


SECRETARY’S NOTES 


THE 1954 BANQUET 

The Society’s annual banquet was served on 30 April 1954 at the 
Hotel Statler in Washington, D.C. The attendance was the highest 
of all time, slightly higher than in 1953 and getting very close to the 
maximum capacity which is now available in Washington 

The meeting was presided over by Rear Admiral E. W. Sylvester, 
U.S.N., President of the Society. Mr. William E. Blewett, President 
of the Newport News Shipbuilding and Drydock Company officiated 
as toastmaster. 

The principal address, entitled “The Education of Engineers” was 
delivered by Vice Admiral E. L. Cochrane, USN, Retired, Vice- 
president of the Massachusetts Institute of Technology. Unless print- 
ing difficulties prevent, a copy of Admiral Cochrane’s talk will be 
found on page 285 of this issue of the JouRNAL. 

The concensus of those who participated in the meeting marks it 
another outstanding success. 
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REAR ADMIRAL FREDERIC R. FURTH 
U.S. Navy, Chief of Naval Research 
President of the Society 
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SECRETARY'S NOTES 


FUTURE BANQUETS 


For those who are interested in long range planning, we announce 
that the facilities of the Statler Hotel have been reserved for: 
29 April 1955 and 
27 April 1956 


COUNCIL MEETING 


A meeting of the Council was held on 5 April 1954. Aside from the 
consideration of routine business, the following matters of impor- 
tance were disposed of: 


Office of President 


Admiral Sylvester announced that he would be detached from his 
present billet in the Bureau of Ships and would be leaving Washing- 
ton in May. Under the by-laws it became necessary for the Council 
to name a successor. Accordingly the Council appointed Rear Ad- 
miral Frederick R. Furth, USN, Chief of Naval Research to serve 
for the remainder of 1954. Admiral Furth’s appointment is effective 
on the date on which Admiral Sylvester departs from Washington. 

Elevation of Admiral Furth to the Presidency created a vacancy 
on the Council. Captain H. M. Heiser, U.S.N. was appointed to this 
vacancy for the remainder of the term which expires on 31 December 
1954. 


Junior Membership 


A committee which had been appointed previously, reported on a 
proposition to create a Junior Membership. The Committee rec- 
ommended such a membership to be offered to students at certain 
schools during their senior years. The Junior Membership would 
cost one-half regular membership ($3.75) per year and could be 
retained until 1 July of the year following graduation. 

The proposition which will require a change in the by-laws, will 
now lay on the table for consideration at the annual meeting in 
October. If it is approved at the annual meeting, a proposed amend- 
ment to the by-laws will be included on the 1955 ballot for voting 
by all members. 
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SECRETARY'S NOTES 


PRINTING OF THE JOURNAL 


The present issue of the JourNAL is the 262nd continuous quarterly 
publication since 1888. Every one of the first 261 issues was printed 
by the firm of R. Beresford, a name with which most members are 
certainly familiar. This issue is the first ever to be printed by any 
one else. 


R. Beresford, Printer was operated by its founder Mr. Robert 
Beresford until his death in 1919. He was succeeded by his daughter, 
Miss Elizabeth Beresford who had learned the crafi under her 
father’s tutelage. Every Secretary-Treasurer of the Society in the 
last 35 years has become accustomed to the gracious and willing as- 
sistance of Miss Beresford on every feature of the task of turning out 
a satisfactory issue of the JournaL. Through two and a half wars 
Miss Beresford has unfailingly met every problem of labor shortage, 
paper limitations, metals availability and mailing restrictions and 
in the face of these difficulties has begun delivery of each issue when 
it was due. 


The members and other readers can each render judgement on the 
quality of the Beresford product which has never been criticized as 
far as this Secretary-Treasurer is aware. Only from this position, 
however, can the true value of Miss Beresford’s contribution to the 
success of the Society be appraised. It is more than an opinion, it is 
a statement of positive knowledge, that Miss Beresford has been an 
essential member of the ASNE staff and that she is entitled to the 
highest possible credit. She has this, to an extent, in the esteem, re- 
spect and appreciation of all Secretary-Treasurers. ' 


Under the circumstances, it was inevitable that some day a change 
would have to be made. This has been done for this issue which has 
been printed by The Benson Printing Co., of Nashville, Tennessee. 
This firm has undertaken to continue the Beresford quality. Again 
the matter is left to the judgment of the reader. 


ENGINEERING DUTY OFFICERS 


The following excerpt is taken from a letter which Captain R. B. 


Madden received from Commander J. A. Obermeyer, U.S.N. It adds 
one more fact to the history which the Society has been recording 
and to Captain Madden’s article which was published in the February 
1954 issue. 


“I thought you might be interested in some details omitted from 
your article but which have a bearing on the personnel history in- 
volved. You properly state on page 27 of the Journat that the first 
group of officers to take the “congineer” course were from the Naval 
Academy Class of 1937; however, a number of members of the Class 
of 1937 and three members of the Class of 1936, who entered M.LT. 
in the spring of 1939, took the last course in naval construction but 
never became officially members of the Construction Corps. 
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SECRETARY'S NOTES 


“As you will recall, it had been the practice to issue commissions in 
the Construction Corps when the officers were promoted to Lieu- 
tenant Junior Grade at the completion of three years of commis- 
sioned service. Since this particular group was at Tech during the 
period of transition concluded by the official establishment of the 
Bureau of Ships in June 1940, and the amalgamation of the Con- 
struction Corps in the same month, no commissions in the Construc- 
tion Corps were ever issued for them. 


“However, since these officers had received the same training as 
previous members of the Construction Corps and had not taken a 
“congineer” course, they requested and were designated as Engineer- 
ing Duty Only Officers (Ship and Hull Construction), which was the 
same designation given to ex-constructors. Engineering Duty Officers 


with a “c” designator. 
“A list of the officers involved is as follows: 
Commander F. G. Springer .................. 1936 
Commander Te Price 1936 
Commander E. J. Hoffman ................... 1936 
Commander J. A. Obermeyer ................ 1937 
Commander E. A. Grantham ................. 1937 
Commander J. M. Ballinger .................. 1937 
Commander W. D. Brinckloe, Jr. ............. 1937 
Commander F. F. Menefee .................. 1937 
Commander F. M. Lansdowne ............... 1937 
Commander H. B. Reece ..............+-.0.0s 1937 


“You properly omit these people from the list appended to your 
article of the original Bureau of Ships E.D.O. group since they had 
not been commissioned as constructors, but they do form a special 
group which does not fit into your classification of the types of officers 
now constituting the Engineering Duty Officer group. In other words, 
they are not former naval constructors nor are they “congineers’.’ 

“In addition, I would like to call your attention to the fact that com- 
manders I. J. Frankel, J. J. Stillwell, J. B. Shirley, and J. F. Ellis, 
who are listed as former naval constructors, because they were com- 
missioned as Ensigns in the Construction Corps prior to the begin- 
ning of their course at M.LT., actually pursued the congineer course 
while at Tech and are now designated as congineers. In addition, it 
is interesting to note that Captains Mumma and Trescott carry con- 
gineer designations although neither, of course, took the congineer 
course at Tech. I am sure you are aware of the circumstances lead- 
ing to their designations as congineers.” 


We also reprint below an article which was published in the North 
American Review :36 years ago. It was written by Rear Admiral 
Henry Williams, U.S.N. Retired who was then a Lieutenant Com- 
mander in the Construction Corps. Although not published until 
1918, the paper was prépared in 1910. Rear Admiral Williams’ distin- 
guished career included a term as President of the Society in 1940. 
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SECRETARY'S NOTES 


“NORTH AMERICAN REVIEW 
November 1918 
A NAVAL CONTROVERSY 


By HENRY WILLIAMS, U.S.N. 


The recent order of the Secretary of the Navy authorizing officers 
of the Staff Corps of the Navy to use the titles of their rank again 
brings into prominence a long standing controversy. This contro- 
versy between the Line and the Staff Corps of the Navy is nearly 
as old as the Navy itself. It has been the subject of more discussion, 
in and out of the service, than any other naval topic; and for many 
years invariably was brought into prominence, whenever legislation 
affecting the Navy’s personnel was under consideration. It has been 
waged through the desire of the members of the several Staff Corps 
to improve their status in the service as regards rank and official 
position, and their wish to destroy the caste distinction which has 
existed in the Navy, placing officers of the Line on a higher plane 
officially than officers of the Staff. Though the question is not en- 
tirely one of military rank or titles, staff officers have sought both 
rank and titles with the idea that such an acquisition would result 
in an improved position and status for themselves. 

The Corps of Surgeons of the Navy, the oldest branch of the Staff 
Corps, was the first to make an effort to improve its position and 
status in the service. As early as 1816 a petition was addressed to the 
Navy Department by a number of surgeons of the Navy requesting 
definite rank in the service. This petition met with the approval of 
a number of captains of the Navy, who wrote expressing approbation 
of the proposed change and hope for favorable action. The Board of 
Navy Commissioners approved the request, stating that it seemed 
just that Navy surgeons should be put on the same footing regarding 
rank, pay, and emoluments as those of the Army. Due to opposition 
of line officers, however, no definite steps were taken to this end, 
though several of the various Secretaries of the Navy submitted to 
Congress recommendation that it should provide by law for the 
desired rank, etc., for the surgeons. 

As late as 1841, staff officers of the Navy in the various branches, 
though nominally commissioned officers, actually had few of the 
rights and prerogatives as such. Surgeons, pursers, and chief en- 
gineers messed in the ward-room, used the starboard gangway, and 
had the same share as a lieutenant in the prize-money; assistant 
surgeons and assistant engineers messed in the steerage and used the 
port gangway. Codes of Navy Regulations proposed in 1833, 1841, 
and 1843 provided for “an assimilated rank” for “civil officers” of 
the Navy. These codes never received the necessary approval of 
Congress, and, consequently, did not become effective. The proposed 
code of 1841, referred to, provided that “the civil officers of the Navy 
shall have assimilated rank with the sea officers of the Navy as fol- 
lows: Surgeons, pursers, chaplains, and secretaries with lieutenants 
of the Navy; passed assistant surgeons with masters; other assistant 
surgeons and professors of mathematics with passed midshipmen, 
and clerks with midshipmen.” Masters and passed midshipmen were 
warrant officers. 
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The custom of the service at this time required that surgeons and 
other civil officers should give way to the lieutenants upon entering 
and leaving boats, in processions and elsewhere. No civil officers sat 
on courts-martial, wore epaulettes on their uniforms, nor had any 
privileges of “assimilated rank” other than as accorded by the cus- 
toms of the service and by the courtesy of their messmates, the lieu- 
tenants. 


The civil officers, particularly the surgeons, were greatly dissatis- 
fied with the conditions under which they served and with their 
anomalous position on shipboard, and repeated efforts were made 
to have an improved status accorded them. 


This question of rank for civil officers was brought repeatedly 
before the public and incidentally before the committees of Congress. 
The pretensions of the staff officers were opposed successfully, how- 
ever, by the line officers, who were sufficiently influential to block 
any legislation granting the desired rank; the staff officers, on their 
side, were by no means united as to what they wished and what the 
various branches should receive. 


In August, 1846, Secretary Bancroft, despairing of obtaining a 
settlement of the matter by Congress, with the approval of the Presi- 
dent, and in accordance with an opinion of the Attorney-General, 
who held hat such action would be legal, issued an order that stirred 
profoundly the naval organization, conferring, as it did, on the sur- 
geons the long-desired rank, and making them, according to the 
number of years service, rank with commanders and lieutenants. 
The order provided, however, that commanding and executive offi- 
cers when on duty should take precedence over all medical officers. 
The provisions of this order were soon extended to the pursers. 


The Line refused to accept gracefully the defeat that Mr. Ban- 
croft’s order represented, and staff officers were encouraged by its 
terms to overstep the bounds. A state of insubordination in the Navy 
ensued and line officers had just ground for the charge, brought by 
them, that the discipline of the service had suffered as a result of 
granting rank to surgeons and pursers; but, unfortunately, the 
charge that they themselves had brought about and were responsi- 
ble for such conditions was more or less just. Several petitions were 
drawn, addressed to the Secretary of the Navy or to Congress, and 
signed by numbers of line officers, asking to have the obnoxious 
order rescinded. A group of about sixty line officers went so far as 
to assemble in Washington, for the purpose of procuring the revoca- 
tion of the order. They addressed to Congress and the Secretary of 
the Navy a formal protest against its enforcement on the ground of 
illegality of the executive action in issuing it. One line officer wrote 
that he held his rank dearer than life itselt and threatened to cleave 
to the chin with his cutlass any purser of the Navy who might pre- 
sume to sign an official report above him. 
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In spite, however, of protests from the line officers, some of which 
then must have appeared, as they do now, most ridiculous and un- 
dignified, the staff officers gained their point, and the orders of 1846 
and 1847 were upheld, later to be legalized and extended by act of 
Congress. Engineers in their turn were granted rank in accordance 
with the length of their service, by act of Congress of March 3, 1859. 

In 1860, in the United States Navy, there were but three grades 
of commissioned officers in the Line, those of captain, commander, 
and lieutenant, the title of commodore being one of courtesy only. 
Masters were warrant officers, not in the line of promotion. Under 
the provisions of the naval appropriation act of 1860, pursers were 
designated as paymasters. By act of July 16, 1862, Congress created 
the additional grades in the Line of rear-admiral, commodore, lieu- 
tenant-commander, and ensign, the Staff Corps not, however, being 
included in this legislation. In March, 1863, Secretary Welles, follow- 
ing the example of his predecessors, and in accordance with an 
opinion of the Attorney-General holding such procedure to be legal, 
issued an order defining the Staff of the Navy, and specifying what 
the relative rank of each grade should be., Besides surgeons, pay- 
masters, and engineers, others were mentioned as staff officers, and 
given relative rank in accordance with the length of their service. 


A line writer of this period characterized the Welles order as stab- 
bing at the military honor and professional life of line officers, then 
nearly all in command before the enemy. He stated that if any of 
the line officers had committed every crime in the calendar they 
could not have been sentenced by court-martial to undergo such a 
loss of rank as inflicted by it. 


This order, though resented bitterly by the line officers, continued 
in force throughout the Civil War, but was revoked by the Navy De- 
partment in another order signed by Secretary Borie, on April 1, 
1869, Vice-Admiral Porter, an unrelenting foe of staff rank, having 
then to a large degree the direction of the Navy Department. 


_It.was stated by a member of Congress, in 1894, that Admiral Por- 
ter’s order was read at general muster on all naval vessels and the 
staff officers required, then and there, in the presence of other officers 
and crew, to remove the marks of their rank. 


In effect, the order acted to reduce the rank of a number of staff 
officers, and to take away the designation “Staff Officers” from all 
except surgeons, paymasters, and engineers, who retained only the 
rank conferred on them by law of Congress. The Navy Register is- 
sued January, 1869, listed all “civil officers” with military rank, some 
of them with that of captain; this was changed in the Register for 
July, 1869, which showed only surgeons, paymasters, and engineers 
with rank, the highest being that of commander. 


‘It is probable that this order of Secretary Borie was indirectly the 
cause'of the triumph the staff officers were destined soon to achieve, 
for they were so successful in presenting to Congress their cause, 
and in stating the injustice that had been done them, that the Naval 
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Appropriation Act, passed March 3, 1871, contained provisions fixing 
definitely the status of all staff officers, the principle of relative rank 
and precedence, and gave the staff officers the six years’ constructive 
service in determining such relative rank. This act established the 
various grades of the Staff Corps as they now exist, and in general 
its provisions must have been more liberal than was hoped for by 
even the friends of the staff officers. 


It is probable that at this juncture, subsequent to 1871, the “con- 
troversy” was more bitter than it had been at any previous time. At 
the close of the Civil War it was said to have been responsible for 
the failure to confer on officers of the Navy, as had been done so 
generously for those of the Army, the brevet rank as a recognition of 
service. Rather than concede even brevet rank to staff officers, the 
Line was willing to forego the honor for itself. The Staff smarted 
under the injustice that they felt they had received at the hands of 
the Line, and the bitterness of the fight they had just waged before 
Congress still rankled. Admiral Porter, in a letter addressed to the 
Secretary of the Navy, said that honorary rank had been conceded 
for the purpose of establishing the status of civil officers on board 
ship, and that they were favored with the compliment of rank to 
identify them with their surroundings and to give property to their 
presence. 


The engineers, from the close of the Civil War, were the most 
aggressive of the Staff Corps in the fight for titles and rank. The 
profession of engineers was looked down on by the line officers, and 
there is no doubt that they submitted their brother officers of the 
engineer branch to many unnecessary humilitations. Owing to rapid 
promotion, consequent on the reorganization of the Navy at the close 
of the Civil War, there were many young line officers in the higher 
grades. The older staff officers found this extremely irksome and 
disagreeable. Some of them who had been instructors at the Naval 
Academy went to sea at the close of their details, to find themselves 
junior in rank to their pupils of a short time before. 


With the establishing in 1871 of a course for Cadet, Engineers at 
the Naval Academy, the position of the naval engineers in the serviee 
was somewhat improved. This was due not only to the fact that a 
better class of men were obtained, but also because, through their 
association at the Naval Academy with the midshipmen, the- latter 
were somewhat more kindly disposed to them later when they be- 
came engineer officers; and through the knowledge of service cus- 
toms and traditions gained at the Academy, which gave the young 
engineer officers more confidence when they entered upon,,their 
duties afloat. In 1882 Cadet Engineers were merged with the Cadet 
Midshipmen, all becoming Naval Cadets. The selection of those to be 
assigned, upon graduation, was not made until the end of three years 
at the Naval Academy. It was claimed, however, that at the Naval 
Academy many line officers influenced the minds of cadets against 
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the Engineer Corps, thus preventing some who had mechanical pref- 
erences and displayed high scholarship, from joining that division, 
and it was claimed also that many cadets whose class standing made 
them undersirable recruits for the Line were forced to become en- 
gineers. Frequent efforts were made in the ensuing years to obtain 
personnel legislation for the Navy, and a number of bills were in- 
troduced before Congress, only to meet with failure through the 
opposing interests developed by the controversy. 


In 1894 a joint commission of Congress was appointed to investi- 
gate and consider the entire subject of rank, pay, and all matters re- 
lating to the personnel of the Navy. The bill, recommended by the 
Navy Department to the favorable consideration of the commission, 
provided only for the reorganization of the Line, and ignored the 
Staff Corps’ claims to legislation for improving their status, and for 
absolute rank in place of relative. The report of the hearings before 
this commission shows the same bitterness between the Line and 
the Staff over the question of rank and titles as previously had 
existed for over half a century. The engineers were more insistent in 
this regard than were the other branches of the Staff Corps, through 
the surgeons and the paymasters both complained of the unsatis- 
factory conditions existing as to their status. 


The bill advanced by the engineers and pushed vigorously by 
them, contained so many provisions unacceptable to the Line, and 
was opposed so bitterly by it that the whole proposed scheme of 
personnel legislation failed of passage by Congress. 


In 1898, conditions as regarded the personnel of the Line had be- 
come extremely bad, the Civil War “hump” had caused such a stag- 
nation of promotion that officers served ten and more years as ensign, 
also there were lieutenants in the Navy fifty years old. The strength 
developed by the engineers in their fight before Congress in 1894 was 
such as to cause line officers to realize that no legislation affording 
them relief, without provision for absolute rank for the engineers, 
could be obtained. The other branches of the Staff Corps were not 
regarded as being so formidable, though it was realized that their 
support would be desirable. The ever-present question of staff rank 
was certain to be brought forward, and it wes concluded to give not 
only consideration to the engineers, but also to the claims for abso- 
lute rank of other staff officers. The famous Personnel Bill, passed by 
Congress in 1899, provided for amalgamating the Engineer Corps 
with the Line and, by the simple expedient of making line officers 
of them, conferring on the engineers the long-sought-for military 
rank and titles. To the officers of all the other branches of the Staff 
Corps of the Navy the Bill accorded “rank” instead of the “relative 
rank,” which they held under the provisions of the act of 1871. The 
committee in its report transmitting the Personnel Bill to Congress 
stated that the question of rank had occasioned frequent dissatis- 
faction in the past, and that, after investigation, it had come to the 
conclusion that there was no reason why there should be any distinc- 
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tion in the matter of rank between staff officers and line officers, and 
that the Staff should be commissioned with actual rank, the same as 
in the Line and in the Army. However, they provided that because 
staff officers were commissioned with actual rank, they should not 
as a r2sult have the right to command. Further, it was stated: “The 
committee believes that they should still retain the titles which they 
now have, description of their duties and their Corps, but think their 
status in the Navy in the matter of rank should be thus firmly estab- 
lished.” 


The Line and Staff controversy which, in 1899, thus had been 
settled temporarily was destined not long to remain quiescent. Per- 
sonnel legislation was required to relieve conditions in the Line. In 
a special message to Congress, on December 17, 1906, the President 
invited attention to the urgent necessity for such legislation as would 
cause line officers of the Navy to reach the grade of captain and rear- 
admiral at less advanced ages than was then the average, and that 
would give the officers more experience and training in the important 
duties of those grades. The President forwarded a draft of a proposed 
bill as recommended by a personnel board. This measure included 
no provision for the Staff Corps, and in reference to this omission 
the Secretary of the Navy stated in his annual report for 1906, that 
he refrained from any recommendation relative to the portion of the 
report of the personnel board dealing with the Staff Corps “because . 
it is impossible to say that it has, in the main, received the approval 
of the officers most directly affected, and I am not prepared to advise 
the embodiment in legislation of any plan which will not finally and 
once for all end the regrettable differences existing between the Staff 
Corps and the Line.” 


The dispute between the Line and the Staff thus in 1906 again 
reached an acute stage and was brought to the notice of the public 
because of the failure to accede to the wishes of the Staff that there 
be included in the proposed measure provisions relating to the per- 
sonnel of the Staff, especially for military titles for its officers. Many 
of the line partisans did not hesitate to accuse the staff officers of 
maliciously exerting their influence in opposition to the passage of 
the Personnel Bill, through spite at the refusal of the Line to accede 
to their wishes in the matter of military titles. Editorials published in 
the New York Herald, favoring the measure, stated that it was op- 
posed by some officers of the Staff Corps, who combined secretly to 
obstruct or kill the passage of the bill, not because its provisions af- 
fected them, but because of its failure “to accord these important 
and capable officials” the Line titles of admiral, captain, and so down 
the hierarchy of the seas. It was stated further that this opposition 
was arrayed with such influence and persistency as to threaten the 
defeat of the Personnel Bill, which was regarded as a disaster for 
which a day of reckoning awaited. These statements as to the activi- 
ties of the Staff, in all probability, were greatly exaggerated, but the 
incident serves to show clearly the fact of the continued existence at 
that time of bitter feeling. 
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The Personnel Bill failed of passage, whether due to the opposition 
of the staff officers, lack of their support, or to other causes, would 
be impossible to determine, but the incident served again to demon- 
strate the difficulty, if not impossibility, of obtaining naval personnel 
legislation which lacked the support of any branch of the service. 
The normal difficulties attending the passage by Congress of any 
naval measure are so great, that any opposition, or even lack of sup- 
port, is sufficient usually to cause its defeat. The question of titles 
and the right of staff officers to exercise military command under 
certain circumstances undoubtedly will be brought up in any dis- 
cussion before Congress of naval personnel matters. 


During the term of Secretary Meyer circumstances affecting ad- 
ministration of the business of the Navy Department and the Navy 
Yards again brought into evidence the feeling between the Line and 
the Staff. The Secretary, probably having in mind the amalgama- 
tion of the engineers with the Line and the consequent elimination 
of that portion of the controversy, sent to Congress a draft of a 
measure providing for general amalgamation with the Line of all 
Staff officers except the Medical Corps. The House Naval Committee 
conducted extensive hearings on this proposal, and a number of 
officers were heard or requested to submit statements as to their 
views. These officers represented all corps and all grades, and the 
report of the hearings fills a large volume. While the proposed amal- 
gamation had comparatively few advocates, many of the Line officers 
took occasion to discredit the Staff officers’ desire for military title, 
and the staff officers on their side advanced strong arguments up- 
holding their pretensions. Considerable feeling thus was shown to 
exist at that time, on both sides of the controversy. While, since then 
no circumstances have occurred to bring out again a public expres- 
sion of the sentiments and feeling, without doubt they existed as 
strongly as ever. It is, therefore, to be regarded as extremely fortu- 
nate that the recent order of Secretary Daniels, which should elimi- 
nate for all time this controversy, came at a time when the best ef- 
forts of everyone concerned are required to uphold American arms 
on the sea. In war time there is no room in the naval service for 
disputes so adversely affecting the efficiency of the service.” 


SOCIETY AWARDS 
The Admiral Brand Award 


As a continuing memorial to her late husband, Mrs. Charles L. 
Brand has provided for an annual award of a year’s subscription of 
the JournaL to be made to the officer student standing highest in 
the graduating class in Course XIII-A, Naval Construction and 
Engineering at the Massachusetts Institute of Technology. The first 
award will be made this year. 


Admiral Brand needs no introduction to the Society of Naval En- 
gineers. He served as President in 1944 while, as an Assistant Chief 
of the Bureau of Ships, he was planning and supervising the most 
magnificent naval ship construction program in the world’s history. 
Those who, like the present Secretary-Treasurer, had the privilege 
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of serving with (and not under) Charlie Brand know what a real 
pleasure this experience was. The award is not necessary to keep him 
alive in the memory of those who knew him but may help to spread 
his benign personal and technical influence among oncoming Naval 
Engineers. 
The Carl J. Lamb Award 
Captain Carl J. Lamb, U.S.N.R. has for a long time been one of 
the Society’s staunchest supporters. He has exhibited this by re- 
cruiting members, by submitting articles and by encouraging others 
to submit papers. His latest method of support was to offer an award 
of a membership in the Society to the graduating senior in the Naval 
R.0.T.C. at Rice Institute, Houston, Texas who stands first in me- 
chanical engineering and who accepts a Naval Reserve commission. 
Captain Lamb is continuing this award in 1954. 


SOCIETY MEMBERS HONORED 
Mr. George W. Codrington 


“George W. Codrington was honored for his long service and ac- 
tive leadership in the National Assn. of Engine and Boat Manufac- 
turers at a testimonial dinner held in New York early in December 
which was tendered Codrington by the members of the Association’s 
Executive Committee. Mr. Codrington, who retired as president last 
January after serving in that capacity since 1943, was presented with 
a silver tray with the signatures of Executive Committee members 
who had served under him.” 


Vice-Admiral Edward L. Cochrane, U.S.N. Retired 


“The appointment of Dean Edward L. Cochrane as Vice President 
for Industrial and Governmental Relations at the Massachusetts In- 
stitute of Technology was announced last night by Dr. James R. 
Killian, Jr., President of the Institute. The appointment becomes 
effective April 1. 


In the new post of Vice President for Industrial and Governmental 
Relations, Vice President Cochrane, who has been Dean of Engi- 
neering since 1952, will be concerned with the whole range of the 
Institute’s responsibilities to industry and government. He will serve 
to coordinate and to give administrative support to the special re- 
search and advisory activities at the Institute undertaken for indus- 
try and government, both national and local, and he will assist the 
President in discharging the executive responsibilities for this pro- 
gram. He will be a member of the Institute’s Corporation.” 


SAINT OF THE LITTLE SHIPS 


’ Mr. Warren T. Johnson, one of the Society’s very active members 
and an able and helpful assistant, without portfolio, to the Secretary- 
Treasurer has unearthed the following article. It was published in 
the February 1954 issue of the British periodical “Motor Boat. and 
Yachting.” It is our opinion that this early naval constructor should 
be made known to members of the Society. ‘Therefore, we reprint 
the article in full. 
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“SAINT OF THE LITTLE SHIPS 
By OWEN ANTHONY 


Motorists have their St. Christopher, musicians St. Cecilia, even 
dentists can call for aid on St. Philomena, but we of the little ships 
have no patron. May I introduce a worthy candidate-St. Brendan, 
Bishop of Clonfert, born in Tralee, Kerry, Ireland, in the fifth cen- 
tury? Hagiologies listing saints’ names usually add their salient at- 
tribute. Our saint is described as the Navigator. It may come as a 
surprise that at such an early date navigation should have been 
known, but after a short review of his life it will become clear. 

Brendan, cradled by the side of the wild Atlantic fostered by the 
fisher folk, for his toy the tricky curragh, and his playground the 
rocky West Ireland littoral, grew to manhood. After attending the 
first boys’ school managed by a woman, St. Ita’s, he came under the 
tutelage of Bishop Erc, a convert to Christianity. This good man was, 
before conversion, an Arch Druid. The essence of the doctrine of 
Druidism founded on the teachings of Pythagoras makes move- 
ments of the heavenly bodies a special study. Geometry, higher 
mathematics and navigation were, so to speak, ordinary school sub- 
jects. Brendan, being a son of the sea, took a deal of interest in the 
last, and was determined to become a widely travelled missionary. 

On his ordination to priesthood he returned to his native Tralee 
where he founded his own small monastery. Then, as always, he en- 
tertained the possibility of undiscovered land far out in the Atlantic, 
west of his own coast. Accident gave stimulus to this belief, and his 
determination to seek it. One of his monks, Fionn-Barr-he inci- 
dentally founded the city of Cork-met a fellow monk in a hermitage 
who, fleeing from the wrath of his superiors, took a large curragh 
and with a few companions made out to sea. After eight weeks’ sail- 
ing they came in sight of a beautiful land set in a tropical sea, and 
covered to the shore with lovely flowers. The smell of spices wafted 
to them, delighting their senses. 

The tale confirmed Brendan’s belief and he started to lay down 
the keel of a large-size curragh and, helped by his fellow monks, be- 
gan to build. Fortunately for us his chronicler gives precise infor- 
mation of its construction. The gunwale and the ribs were of willow, 
the laths forming the main skeleton, of wicker; and covering the hull 
thus formed were three oak-tanned hides arranged so as to form 
two airtight chambers. The joints were sealed with holly resin and 
the craft was finally sealed and caulked with tar. Quantities of butter 
were shipped to be liberally applied to the hull to render it ‘water- 
tight, and two extra skins were taken for repairs. The sail, triangular 
lug type, was made of strips of rubbed animal pelts. For preference, 
wild animals were used for this as they were supposed to retain their 
pliancy in salt water and were easy to reef and stow. The mast was 
carried unshipped and when needed it was stepped through a hole in 
the forward thwart and so to a mast shoe in the bottom. 


The galley arrangements consisted of a brazier, beautifully 
wrought in metal. Some examples exist today and remain the only 
method of cooking used by the West Coast fishermen. In it is carried 
charcoal or smouldering turf, both substances being well known at 
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an early date. Resembling a shallow metal dish, it was slung between 
the thwarts by metal bars bridging from one gunwale to the other, 
thus protecting the skin. Water was carried in skins, and what bet- 
ter method could be employed in such a craft, fitting easily into the 
contours of the hull? : 


The staple food consisted of dried fish, grain, root crops and edible 
dry moss, carrigean—a substance now on the market and which 
forms a jelly when mixed with water, it is rich in iodine and vitamin 
C. Another plant shipped was a kind of sea holly, erygium, a power- 
ful restorative and anti-scorbutic. It is of interest, that this simple 
necessity known to the ancient herbalists, should have been for- 
gotten until the nineteenth century when it was revived by offering 
lime juice to the somewhat scornful gum-rotted sailor who scath- 
ingly described his ship as a “lime-juicer.” It is not recorded that 
they carried additional clothing. They shipped the typical sword- 
shaped oars normally used in this type of craft. 


IRELAND TO ICELAND 


Brendan’s gentle art of crew picking could to this day be copied by 
anybody intending an Atlantic crossing in a small vessel. A few only 
were monks like himself. The remainder combined the art of sea- 
manship with that of artificer and general handy man in any tough 
situation. Last, but not least, he took Crosan, a retired king’s jester. 
This, at first flush seemed odd, but how often has the recent war 
taught the commander the value in desperate circumstances of the 
cheerful little man, not a very good soldier, but a wizard on the 
mouth organ. Brendan was no mean judge of this man’s use in the 
desperate hardships he knew his crew would suffer when the lack 
of food, monotony, frayed nerves and fear of death would wear down 
the morale of the stoutest. 


Setting out amid the lamentations of his friends, who thought they 
would never see him again, Brendan and his crew stood out to sea, 
and with fatalism unworthy of a seaman, and less of the good theo- 
logian he undoubtedly was, hoisted his sail and let God and the winds 
blow him where they listed. 


With many vicissitudes, blown by the wind’s caprice, his course 
was mainly northwards when, none too soon, his supplies running 
low, he sighted the high cliffs of the sland of St. Kilda. His name is 
still remembered there to this day, for the fishermen in moments of 
extreme danger call, “Branuilt, Branuilt,” a derivation of his name. 
Next they were wafted to the Faroes where they took advantage of 
the “sheep as big as calves.” Legend is supposed to describe them as 
native to those parts. The word Farr being Danish for sheep, lends 
some tincture of truth to the idea. A church, ruined and shell- 
marked, built in his honour by Bishop Theutonicus in 1420, still bears 
the name of Brendansvik. A round tower typical of those in existence 
today in Ireland, bears testimony to the occupation by ancient Chris- 
tian missionaries of the Island of Stremoe. 
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Landing on the Island of Noss in the Shetlands they, according to 
their chronicler, “soaked the salt out of their skins” in the clear wa- 
ters of the river. After terrific physical sufferings they eventually 
made the shores of Iceland, where, much to their surprise, they were 
met by a fellow monk who had lived on the shores in hermitage for 
30 years. After rest and recuperation, this good man pointed out to 
Brendan the folly of his sailing, and the futility of his voyaging, and 
advised him to return home to his native Ireland. He set out im- 
mediately, and this time with true navigational skill made the land- 
fall without difficulty. 


His next voyage was better planned. This time he built himself a 
ship able to withstand the rigours of the Atlantic winter, and offer 
shelter for his crew and cover for his stores. The exact structure has 
been given to us. She was made of stout oak, had a deck supported 
by wooden standchions, and she was tar-caulked. A lot of smithy 
work, iron rivets, not to forget an iron anchor, went into her making. 
Woven materials replaced the primitive hide sails. She carried no 
oars or sweeps and boasted of a crew of 60. 


After some weeks they had fair winds and their course was mainly 
west. They were eventually in sight of land which, by their own 
description, could only have been the cost of Newfoundland, for 
nearing the coast they found it surrounded by glass islands of most 
wonderful beauty. These were obviously icebergs, unknown to these 
western men. 


Turning south they eventually reached the coast of America where 
they landed on the shores of Florida, somewhere near Miami. To 
Brendan’s chagrin he found missioners already established there. 
This brings up the query as to who did discover America. Ample 
evidence points to the conclusion that it was not Columbus. 


Columbus was educated at the University of Pavia, where he 
learned most of the theory of navigation. The university was founded 
by the Irish monk Dungal, who brought with him into his exile many 
valuable Irish records, including the accounts of Brendan’s voyag- 
ing. Columbus had free access to these and he eventually found them 
of extreme interest. He visited Galway, and there, on the last land- 
fall of his famous voyage, collected all the information he could, tak- 
ing with him many men with Irish names. These can be seen on 
the roster of crew of his “Santa Maria” still displayed in the Spanish 
national archives. 


There are, perhaps, some signs of America’s discovery by the Irish, 
though few pieces of evidence remain, but there do exist some relics 
of early Norse occupation, to quote some-the Deighton writing stone, 
an armoured skelton found in the Cat Island, one of the Bahamas 
groups, and a similar one discovered near Fall, Massachusetts. In 
Newport, Rhode Island, stands the oldest building in the U.S.A. It 
is a Norse mil] or some such ancient structure. The Norse landing 
preceded that of Columbus by 500 years.” 
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FLUORINATED HYDROCARBON REFRIGERANTS 


Attention is invited to a letter which is published under “Discus- 
sions.” 


INDUSTRIAL COLLEGE OF THE ARMED FORCES 


The Commandant of the Industrial College of the Armed Forces 
has very positively recognized the American Society of Naval En- 
gineers by extending to our membership the privilege of enrolling 
in the College’s extension courses. This can best be described by 
permitting members to read Admiral Hague’s letter to the Secretary- 
Treasurer. It is published below without the enclosures which are 


quite lengthy. 


Correspondence in connection with these courses should be direct 
with the College and not through the Society. 


“Dear Captain Hamilton: 


Many members of the American Society of Naval Engineers have 
participated in the educational activities of the Industrial College 
of the Armed Forces. Many others may not realize that these op- 
portunities are available to them. I believe that your membership 
would appreciate information concerning the extension courses of 
the Industrial College. 


The Industrial College of the Armed Forces is at the highest level 
of the Department of Defense educational system. The Extension 
Courses Division, as well as the resident course of the College, is 
dedicated to the education of selected military and civilian students 
in the general field of national resources— human, material, and 
economic—and their coordination for the security of the nation. 
Joint logistic planning and its relationship to joint strategic and na- 
tional planning is also studied. World areas and their economic po- 
tential as allies or enemies of the United States are brought into 
clear focus. 


The Extension Courses Division of the College consists of two 
branches—the Civilian-Reserve Instruction Branch and the Corre- 
spondence Study Branch. 


The Civilian-Reserve Instruction Branch conducts National 
Resources Conferences (old title “Field Economic Mobilization 
Course”) in sixteen different cities throughout the United States 
annually. During each conference, of two weeks duration, an ob- 
jective study is conducted in broad terms of the economy and re- 
sources of the United States and the free world, and the limitations 
imposed thereby on national aims and objectives. The economies of 
the other nations of the free world and of the Iron Curtain countries 
are also considered. I cannot emphasize too strongly that the facts 
and factors considered by the conferences are of current importance 
and are necessary for an intelligent grasp of the very complex and 
difficult problems facing the country today. 
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The presentations consist of lectures followed by discussions. In- 
struction is given by a six man faculty team to reserve officers of 
the Army, Navy, Air Force, Marine Corps, and National Guard as 
part of their education. Civilian leaders in the fields of industry, edu- 
cation, science, labor, and civic life are invited to participate along 
with these officers. 


Since the founding of this educational activity in January 1948, 
instruction has been given over ninety times in industrial centers 
throughout the country, with more than 22,000 individuals partici- 
pating. In the enclosed prospectus you will note that there are only 
four cities remaining for conferences in this academic year, namely, 
Pasadena, California, 5-16 April 1954; Pittsburgh, Pennsylvania, 
5-16 April 1954; Omaha, Nebraska, 26 April-7 May 1954; and Min- 
neapolis, Minnesota, 3-14 May 1954. When our 1954- 1955 schedule 
is confirmed, I shall make it available to you. 


I am enclosing in addition to the prospectus mentioned above, a 
copy of the brochure which includes the outlines of the lectures 
presented at the National Resources Conferences. From these you 
may get a fairly comprehensive understanding of all the subjects 
with which the conferences are concerned. 


The Correspondence Study Course was started in September 1950, 
to meet the demand for more extended and detailed instruction in 
the field of economic coordination than that presented in the National 
Resources Conferences. 


This course, designed to be completed in approximately one year, 
is conducted by the Correspondence Study Branch of the Industrial 
College of the Armed Forces. The College has prepared and pub- 
lished a text, “Emergency Management of the National Economy,” 
together with other study materials paralleling those used in the 
resident course. There are self-administered examinations at the 
end of each of the five units of the course. 1,800 students are now 
enrolled, of which 500 are civilians. A current prospectus of this 
course is also enclosed. 


I invite your attention to these two courses, stressing the fact that 
these studies cover present day and future planning. They embrace 
industrial coordination, economic, and civil defense problems which 
are now facing our country and which we must continue to face in 
this “age of peril.” 


The purpose of this letter is to inform you of these activities of the 
Industrial College of the Armed Forces and to extend to your mem- 
bership a most cordial invitation to participate in either the National 
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Resources Conferences or the Correspondence Study Couse. Your 
members can enroll in these courses by writing to the Industrial 
College of the Armed Forces, c/o Extension Courses Division, Fort 
Lesley J. McNair, Washington 25, D.C. 


Sincerely yours, 
W. McL. Hacue 
Rear Admiral, USN 
Commandant” 


THE PENNSYLVANIA STATE COLLEGE 


The practice of the Society in the past has been opposed to the 
publishing of notices of technical meetings, courses, etc. Principal 
reason for this is that the dates of publication of the Journat rarely 
coincide with the dates to be announced. However, we have been 
advised of two short courses which should be of interest to some 
members and which will be held at the Pennsylvania State College 
about 1 month after this issue is received. We therefore, vary our 
practice by printing the following notice: 


SHORT COURSES ON HIGH TEMPERATURE PROPERTIES 
AND MECHANICS OF CREEP 


“A short course on High Temperature Properties of Materials will 
be held at the Pennsylvania State University between June 21 to 
June 25 inclusive. Following this course one on Mechanics of Creep 
will be conducted between June 28 and July 2. Authorities from in- 
dustrial, governmental and educational institutions will give the lec- 
tures for both these courses. The programs are planned to give a 
broad coverage of high temperature properties of materials and me- 
chanics of creep by including physical, metallurgical and design 
aspects of these subjects. For further information, please write Dr. 
Joseph Marin, Department of Engineering Mechanics, The Pennsyl- 
vania State University, State College, Pa.” 


ALUMINUM CENTENNIAL CONGRESS 


An American Committee for the Centenary of the Industrial 
Production of Aluminum has been organized to cooperate with an 
Aluminum Centennial Congress, to be held in Paris June 14th to 
June 19th under the sponsorship of the President of the French 
Republic. Announcement of the Committee was made today by 
William P. Bittenbender, its Chairman. 


The Aluminum Congress will mark the 100th anniversary of the 
development of industrial aluminum by the French scientist Henry 
Sainte-Claire Deville. The sessions in Paris, to be presided over 
by Professor Albert Portevin, of the French Academy of Sciences, 
will include a program of scientific papers from all over the world 
on the latest developments in aluminum metallurgy, the chemistry 
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of aluminum compounds, and on the technology and uses of the 
metal and its alloys. There will also be visits to laboratories and 
plants in Paris and in other parts of the country. 


Along with the Congress there will be an exhibition on the Seine 
embankment in Paris, dealing with 100 years of development of 
the aluminum industry. The exhibit will be open to the public from 
June 10th to August 15th. 


In his announcement, Mr. Bittenbender declared that the forma- 
tion of the Committee was in conformity with President Eisenhower's 
recent recommendations on the expansion of foreign trade as im- 
portant to U.S. and world economy. “American manufacturers, im- 
porters, importers and exporters,” he said, “are glad to join in an 
event commemorating the development of an industry that has 
vastly extended industrial horizons and that has brought inestimable 
material progress to hundreds of millions of people in all parts of 
the world.” 
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THE EDUCATION OF ENGINEERS 


This was the principal address by Vice Admiral Edward L. Cochrane, U.S.N., 
Retired, a Vice President of the Massachusetts Institute of Technology, at the 
1954 annual banquet of the Society. 


Mr. Toastmaster, Mr. Secretary, President Sylvester, Distinguished Guests, and Fel- 
low Members of the American Society of Naval Engineers— 


That my subject tonight would unescapably appear to be a self-inspired commercial 
did not occur to me until long after our President had asked me to speak on it at this 
annual banquet. That subject might be more subtle, were I going to speak about beer 
or cigars, or perhaps tru-form brassieres. I assure you most earnestly, that I did not 
choose the subject. In fact, in the words of Cal Coolidge, I did not even choose to 
speak and had I not agreed to do so, come hell or high water, I would be inclined to 
undertake a bit of research at this point. 


I have always been curious to know just how many of those, such as yourselves, 
who, for any reason, good or more probably bad, find themselves at a banquet and 
are confronted with a gloomy, after-dinner speaker, such as myself, would not prefer 
to forego the remote chance of mental uplift, in exchange for the certainty of good 
fellowship and good cheer in a more intimate gathering—in a smaller room no doubt 
where the tinkle of ice in glasses could be heard ringing sweetly above the voices. 


As you know, educators are all hell for any kind of research and I would jump at 
this opportunity to do some scientific work on this project tonight were I not sure in 
advance that, did I ask how many of you wanted to cut the speech, the “ayes” would 
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be overwhelming. Such a result would relieve me personally no end, of course, but 
it would embarrass our president terribly and shatter a precedent, that is as a matter 
of fact, long overdue for shattering. 


I am therefore resigned to my commitment and urge that you my dear listeners, 
stretch out a little farther and resign yourselves to the ordeal also. 


As a matter of fact, I told Jimmy Hamilton that this was a silly subject for this 
banquet. Everybody here is supposed to be educated already and, certainly, if any of 
you aren’t, you were resourceful enough to get in through the side door or the back 
door or perhaps through a second-story window. 


But no matter how we got here tonight, you can put it down that you are lucky not 
to be going through a technical college today, because learning engineering is getting 
tougher year by year. 


Fortunately, the boys are getting smarter and more able or maybe just because there 
are more of them it seems easier to pick able ones. But when you think of all that 
these young people have to learn, it takes your breath. To be sure they now give up 
some things that you and I had to do, particularly in practical work, and more especially 
in reading the painfully dry descriptions of how someone else had done a particular 
job in years gone by or how a particular machine was built or operated or a process 
run. 


Sir Winston Churchill, as you may recall, told us when he was here back in 1949 
that he had not had the benefit of a formal college education and that he had just had 
to pick up what he knew as he went along. Present-day boys seem to do the same 
thing in learning to use their hands. Hot-rods, radio sets, outboard motors or farm 
machinery come to them intuitively. When they get into one of the Armed Services 
ingenuity seems to become a sixth sense, the very means of survival in many cases. 


Now, gentlemen, it has been aptly said that a political platform, like the platform 
on a trolley car, is something that you get in on and not something that you ride on. 
Similarly it might be said of a preacher’s text or of the subject of a professor’s 
lecture. 


I had some very well-chosen words to use tonight, but I assure you that they, like 
every other collection of similarly chosen words were transcendingly dull. They were 
totally inadequate to my feelings at the moment; for they were written on the flimsy 
premise that the present status of the world, and of this country in particular, will not 
deteriorate in the ensuing decades. 


Sitting here snugly as we are tonight, we all expect confidently that that at least 
will be true and in our hearts all of us hope that we shall soon return to the “old days” 
of peace, quiet, and no taxes. 


I, too am an optimist by nature, but let us not kid ourselves. I can take kidding, I 
think, with anyone but by God, I hate to discover that I am kidding myself. 


Gentlemen, there is nothing about which we of the Western Nations can be com- 
placent today. The comfortable place that we had until twenty years ago has evap- 
orated. We used to say that the United States had never lost a war. The holds of 
that proud ship have been bilged. She is making water. She was not sunk on the 38th 
parallel of Korea, but a treaty is yet to be signed. 
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Everywhere the Western Nations are retiring and new forces are rising to chal- 
lenge our position. The Colonial empires have crumbled. Meanwhile our dependence 
on the rest of the world grows—and our vulnerability to the will of foreign lands 
grows as rapidly. 


We are playing for high stakes in the modern weapons—we speak of “catastrophic 
retaliation.” That is a bluffing game. It does not make sense. When you see our own 
youngsters beating each other into insensibility in a prize ring for fifty or a hundred 
bucks—the idea that nations, which are composed of men, and have all of man’s 
frailties and few of his virtues, will be deterred from some action which they decide 
to — their advantage or need, because some of their people will get hurt—is not 
sound. 


I was encouraged to hear Dr. John A. Hannah, Assistant Secretary of Defense, voice 
yesterday afternoon what is to me, a wiser view—and that is—that we must keep 
ourselves so strong that any would-be aggressor will know that if they start some- 
thing, they will get the hell knocked out of them as a result. That is not a direct quote 
from Dr. Hannah, of course, but it is clearly what he meant, and what I believe. 


This is an objective far more easily stated than accomplished. It will be expensive 
in our money, in our time, and in our resources, and even more, it will be expensive 
in its effect upon the citizens of tomorrow. 


They must be resigned to devoting much of their effort to designing and building 
instruments of defense and weapons of offense. Such work is not stimulating to ideals, 
not satisfying to one’s ambition to enhance the enduring stores of knowledge or of 
esthetic worth, to making the world a happier place in which to live. 


What does this mean to you and to me? Clearly since it was during our term as 
officers-of-the-deck that things got so fouled up we must leave no rocks uncharted, 
no shoals unmarked for these young people to whom you and I will turn over the 
responsibilities within a few short years. 


They deserve, and we owe to them, the best that can be made available in schools 
and colleges. We owe them time to absorb the fund of knowledge that is available. 
We owe them patience, guidance, and encouragement. We owe them also an example 
of diligence, thrift and integrity—discipline if you will. 


Young people, even as you and I, operate on Newton’s first law of motion. We all tend 
to remain in a state of rest or of uniform motion in a straight line (often slow motion 
too) unless acted upon by an impressed force. In human beings, this force may be 
the urge to eat, but the greatest urge is the desire for sie ori from one’s family or 
associates—to justify the confidence of those around us. 


There was a time when engineers were content to follow science—perhaps occasion- 
ally to ignore. Those times are gone, today scientists and engineers work side by 
side with mutual advantage. The term “long-hairs” was used during the war, but 
I assure you that many pairs of calloused hands went with the “long-hairs” and still do. 
They know how to take off their coats and are doing it. Such teams are not interested 
in the question: 


“Can we do it?” 
but the critical one: 


“What do you want done?” 
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They are not tied to tradition, to handbooks or descriptions of past effort. They will 
tackle and tackle successfully almost any job. 


Yet seldom, I suspect, is insurance taken on such boys to protect the employer against 
losing them by other causes. We need to give thought to these young to keep up 
their morale, before they go into uniform, even more while they are in and again 
during the period of adjustment afterward. 


In technical education today the astonishing transmutability of the various engineer- 
ing professions and of the scientists which was established so clearly both here in 
the United States and in Europe during the period of World War II is very apparent. 


The boundaries of the old professions are becoming less and less clear. The knowledge 
needed for competence in each of them is becoming more and more universal; the 
relations between them, more and more intimately interlocked. A fighter plane today 
is a jet engine around which an air frame has been wrapped. A few, very few, cubic 
feet are reserved for a pilot and the balance is filled with fuel and electronics. In 
fact, a large share of the fuel is usually carried in separate detachable wing-tip tanks. 
The best of most of the engineering professions contributed to such a product. 


Ships and particularly men-of-war which are the pride and joy of most of us and 
the symbol under which we assemble here tonight are even more complex, if not as 
compact as a jet fighter. Every branch of engineering is called upon to make some 
contribution and all of the professions come in somewhere. 


Boys and many men do not know just what they prefer to do, and surely do not 
know much in advance what fate may have in store for them. Because of this and 
because of the enormous importance of a firm foundation of science and mathematics, 
the trend in engineering education, is to keep the courses as broad as possible during 
the undergraduate years and to delay the selection of a specialty at least to preserve 
the possibility of a change in specialty wherever this is possible. 


To be sure, most youngsters need the inspiration of a profession to spur them on. 
They, like all of us, yearn to do something, to be somebody, to gain the satisfaction 
of accomplishment. This yearning cannot be neglected. Educators call it motivation. 
While the word annoys me, it describes the stimulus that the embryo-engineer or 
scientist needs to carry him on toward future success. 


The need for a solid base means that the bachelor of science in engineering is no 
longer ready to move at once from graduation to a responsible engineering assign- 
ment in an advanced field. He needs training to adapt him and sharpen him for the 
realities of the commercial world. He is fine timber with which to build, but he may 
not be surfaced four sides or molded exactly to your pattern. 


Give him back to us for graduate work if he can qualify and he can be returned 
to you with as high a polish as the metal will take, and experienced in the most 
modern techniques available. He will still be a young man, and judgment improves 
with age and experience, but these youngsters season rapidly. 


I referred to the growing fuzziness of the boundaries of the old professions. The 
professions are, of course, still vigorous and still furnish the line organization of ad- 
ministration in schools and in practice, but there is a growing need for a crossing 
horizontal function between the professions in area of common interest, such as 
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fluid dynamics, electronics, materials, acoustics, nuclear engineering, heat transfer, 
to mention but a few. 


Acoustics, for example, involves physicists, electronic and electrical engineers, psy- 
chologists, physiologists, mechanical engineers, architects, and fluid dynamicists. How 
best to organize an academic laboratory in which such diverse professions work on 
a permanent basis is a problem yet to be solved. 


The increasing speed at which man-made devices can operate today is outstripping 
man’s own ability to direct them with continued accuracy. Psychologists and physiolo- 
gists are needed in continuous consultation to keep man’s part in new devices within 
the capabilities of human beings who must operate them. Servo-mechanisms can be 
developed to do automatically what man cannot do. Servos cannot reason, of course, 
but they can solve with lightning rapidity particular problems and can do so with 
the highest fidelity. 


We have, for example, a big milling machine for which a numerical electronic control 
system has been built which will permit it to reproduce automatically and with half- 
thousandths fidelity elaborate machined parts without manual attention save to 
set the machine up and to start the process. We have recently machined a die block 
for the master connecting rod of a large radial air engine which requires only moderate 
hand finishing to be ready for service. I am advised that it is possible even to set up 
the programming for certain mathematical forms automatically with one of the modern 
digital computers. This is but a sample of the devices and, as can be imagined, there 
are innumerable problems of this sort associated with the current defense program. 


It is my conviction that it is in such an atmosphere of intimate association between 
most advanced science, progressive engineering working on the technical problems of 
the day, that the engineers for the next two or three decades should be trained. 


My views in this regard may appear to be critical of some of the Navy’s training 
of its own engineers. The Naval Academy is a very special form of undergraduate 
college and one which handles its problem superbly. I am far less convinced, however, 
that the Navy is creating the best values in the men whom it selects as its uniformed 
engineers by training them in its own graduate school at Monterey, I want to emphasize 
that I refer only to the training of engineers there. It has been said that the Navy is 
training primarily operating engineers at Monterey but it is from these men that a 
good many of the Navy’s own design engineers will later be selected. It is on a good 
many of these men that the Navy will have to depend for its contact with the com- 
mercial industries in a future emergency. I am confident, therefore, that a policy 
which would send uniformed engineers to the civilian colleges would pay double 
dividends for this country in preparing for a future emergency; readiness for which 
is after all the only excuse for maintaining the Armed Forces. 


If aught that I have said conjures in your mind’s eye a picture of a certain Institute 
of Technology in New England, I would have to admit that the resemblance is not 
accidental, but I have used it as an example only. It is by no means a unique unit of 
this country’s system of technical education. 


This country has prided itself over the years in its technical achievements. When 
the chips are down, however, one must admit that the score of original creation is not 
one-sided in our favor. We have risen to astounding heights in production. I repeat 
that my plea is for the development of a rising generation of young engineers who 
can maintain superiority of ideas as well as of quantity of production. I hope that many 
of these will devote themselves to ships—and ships’ machinery. 


st 
ip 
in 
in 
it. 
ge 
1e 
ic 
in 
Ss. 

id. 
aS 
1e 
ot 
d 
S, 
ig 

re 
n. 3 
10 
y 
d 
st 

is 

289 


“‘Buyyoune] Jay ysnf ‘drys paramod-stwoyy ysay ®4L—(TLS NSS) SN'TIILNVN 
‘sorpnys uyjyuesg Asazinog 


. 
| 
| 
lg 
~ 


ATOMIC POWER ON SHIPBOARD-—LET’S BE PRACTICAL 


ATOMIC POWER ON SHIPBOARD- 
LET’S BE PRACTICAL 


HOLMES F. CROUCH 
Lieutenant Commander, U.S. Coast Guard Reserve 


California in Nuclear Engineering. 


THE AUTHOR 


was a graduate of the U.S. Coast Guard Academy in 1940, Mr. Crouch spent 5 
years on Coast Guard vessels at sea. Seven years of Coast Guard service were 
spent inspecting merchant vessel hulls, boilers, lifesaving equipment, etc., after 
which he resigned from the Coast Guard in early 1952. He spent one and a half 
years with a private contractor for the Atomic Energy Commission studying 
nuclear reactors for central-station power. He is now with an industrial ad- 
vertising agency and is pursuing a graduate program at the University of 


In June 1951, the keel was laid for 
the world’s first atomic-powered sub- 
marine. At the ceremony, the Presi- 
dent of the United States stated: 
“The military significance of this ves- 
sel is tremendous. The engine of the 
NAUTILUS will have as revolution- 
ary an effect on the navies of the 
world as did the first ocean-going 
steamship 120 years ago. * * * But 
the peaceful signfiicance of the NAU- 
TILUS is even more breath-taking. 
When this ship has been built and op- 
erated, controllable atomic power will 
have been demonstrated on a sub- 
stantial scale.” In January 1954, the 
public was informed that this vessel 
has been launched. 


The fact that the NAUTILUS is the 
first beyond-the-laboratory utilization 
of nuclear energy for power, estab- 
lishes the Navy in a position of honor 
and prestige. In keeping with this po- 


sition, there is the expectation that 
Navy personnel have some knowledge 
of, and be conversant with, the appli- 
cations of nuclear power and its fu- 
ture potentialities. Undoubtedly, se- 
lected personnel are getting special 
training in this regard. Others, how- 
ever, are less fortunate and must 
glean their knowledge from popular 
sources of information. Frequently, 
these sources are vivid and imagina- 
tive, and easily sweep the most ana- 
lytical reader astray. Unconsciously, 
he is swept into the fantasy of a mil- 
lennial “Atomic Age.” In the process, 
professional personnel are unable to 
draw intelligent and realistic conclu- 
sions concerning the technical features 
involved. 


It is the purpose of this writing, 
therefore, to fill this gap by discussing 
some of the practical aspects of nu- 
clear energy, particularly, the heat 
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generating source, when applied to 
shipboard. After all, a new technology 
is in the making, and everyone inter- 
ested should be properly informed. 


As a preface to this discussion, how- 
ever, we must recognize certain limi- 
tations imposed by national security 
regulations. Obviously, we cannot dis- 
cuss classified design details and 
specifications of the NAUTILUS and 


SEA WOLF, or of any other specific 
nuclear power plant under construc- 
tion or contemplated. To do so would 
play directly into the hands of inim- 
ical interests. Nevertheless, we can 
discuss certain technical principles 
and problems in a general way that 
will facilitate an adequate under- 
standing of the subject, and yet be 
in conformance with all security re- 
quirements. 


NUCLEAR REACTORS 


The statement by the President re- 
ferred to the “engine” as the revolu- 
tionary feature of the heralded vessel. 
Actually, this is not quite true. We 
have to go farther back in the propul- 
sion plant than this, to the primary 
heat source which generates the steam. 
Here, we find the conventional marine 
boiler and fuel oil supplanted by a 
nuclear reactor and nuclear fuel. It is 
the nuclear reactor—its design and 
operation—that comprises the basis of 
the new technology, and not the en- 
gine proper. Fundamentally, then, nu- 
clear reactors are an alternate source 
of heat for the generation of steam. 
This, in essence, is the scope of “atom- 
ic power.” 


Nuclear reactors, when substituted 
for ordinary boilers and fuel tanks, 
represent the primary equipment for 
converting the energy of nuclear fis- 
sion into forms of useful power. They 
are complicated, expensive, and sub- 
ject to a great variety of conceivable 
designs. They provide man with the 
most concentrated source of energy 
thus far devised and, in the imagina- 
tion at least, they have unlimited po- 
tentialities. They point to significant 
savings in space and increased cruis- 
ing time without the necessity for re- 
fueling. 


From theoretical mass-energy re- 
lationships, one pound of nuclear fuel, 
if comoletely fissioned, is approxi- 


mately equivalent to 6,000 barrels of 
fuel oil (250,000 gallons), or to forty 


- billion Btu’s of heat. And, one pound 


is slightly larger than one cubic inch! 


Such a relationship is truly impres- 
sive. But it leads to all kinds of dis- 
torted conclusions. Converting this 
tremendously concentrated quantity 
of heat into superheated steam, to say 
nothing of the biological hazards in- 
volved, is a difficult practical matter. 
The conversion process requires a sub- 
stantial array of complex coolant pip- 
ing, critical control mechanisms, re- 
mote fuel-handling equipment, mas- 
sive shielding, novel-design heat ex- 
changers, and so forth. Technical prob- 
lems, though not insurmountable, are 
not separable into neat little packages 
which can be solved one at a time. 
The result is a physical complexity 
with a pronounced interlock between 
methods for utilizing the fuel, fluid 
mechanics, damage by nuclear radia- 
tion, and the corrosion and structural 
properties of highly specialized met- 
als and materials. 


The net philosophical effect is that 
one should temper his enthusiastic 
forecasts about the ultimate potential- 
ities of nuclear energy aboard ship— 
or anywhere else. For example, one 
should never envision a chunk of fis- 
sionable material occupying space 
about the size of a football as capable 
of energizing an entire aircraft carrier 
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for a year or two at a time. This is a 
fantastic possibility. On the other 
hand, subsequent to an extensive pro- 
gram of applied research and develop- 
ment, it is probable that the savings 
in space may approach, though it may 
never exceed, say, 30% of the com- 
bined space now used on board ship 
for the generation of steam. And it is 
conceivable that a vessel could steam 
for as long as six months without hav- 


ing to recharge or recycle her reactor. 
Even this degree of compactness and 
fuel economy is justification for the 
study of nuclear fuels and reactors. 
Whether the operating efficiency and 
maintenance requirements of nuclear 
equipment can compete favorably 
with existing ship’s boilers, remains to 
be seen. This is where the Navy’s in- 
terest in atomic power is of prime sig- 
nificance. 


URANIUM-235 


Nuclear fuels liberate heat by the 
fissioning (i. e., splitting apart) of 
atomic nuclei of certain materials. To 
date, there are only three known types 
of such fuels, namely: uranium-233, 
uranium-235, and plutonium-239. The 
figure following each material repre- 
sents the sum of the neutrons and pro- 
tons in the center, or nucleus, of each 
atom of that material. The nuclear 
characteristics of these materials are 
such that the addition of one more 
neutron will compound them into an 
excited state and, subsequently, will 
cause them to break apart. The result- 
ing kinetic energy of the fission frag- 
ments is dissipated in the form of heat 
and other radiation. 


The only natural-occurring nuclear 
fuel is uranium-235. The other two 
fuels must be produced artificially. 
Following more than a decade of ex- 
perimentation and study, more is 
known about the characteristics of 
U-235 than of either of the artificial 
fuels. As a consequence, it is the most 
common fuel for the startup of nuclear 
reactors today. 


Natural uranium contains less than 
1% of U-235 by weight—0.7115% to 
be exact. This means. that if complete 
extraction of the U-235 isotope from 
natural uranium (U-238) were possi- 
ble, which it isn’t, it would require 
140 pounds of uranium to produce one 


pound of fissionable fuel. The method 
by which large-scale separation is ac- 
complished is known as “gaseous dif- 
fusion.” Myriads of porous barriers 
are utilized in an unavoidably, very 
costly process. For example, assum- 
ing that natural uranium costs about 
$25 per pound, one pound of pure 
U-235 would cost in the direction of 
$7,500! Rather than seeking 100% 
purity of U-235, “enriched” fuels are 
used. These can be produced at any 
specified concentration of U-235, such 
as, say, 2%, 5% or more—the rest of 
the fuel material being U-238. The 
higher the enrichment level, obvious- 
ly, the greater the unit cost, but a 
lesser amount is required for a given 
reactor. In addition, there is a more 
efficient burnup of the total fissionable 
nuclei in the higher enriched fuels. 


One of the primary challenges to 
the design physicist in computing the 
fuel requirements for a nuclear reac- 
tor is to minimize both the total 
amount of uranium used and its en- 
richment level. This is not only be- 
cause of its high cost but also for con- 
servation reasons. Uranium is a vital 
national resource, not necessarily un- 
limited in quantity. 


A word about the physical prop- 
erties of uranium: it is a very dense 
material, half again as heavy as an 
equal volume of lead. When oxidized 
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in air, it looks very much like lead, 
although when freshly cut it is lus- 
trous and white. It is a metal with a 
melting point in the neighborhood of 
2000°F. It is malleable and ductile, and 


can be machined or cast to any de- 
sired configuration. When finely pow- 
dered, it is highly inflammable. But 
this has nothing to do with its use as 
a nuclear fuel. 


HEAT FROM METAL 


It is significant to note that we are 
discussing a metal being used as fuel. 
If we were to take one pound of this 
metal, or several hundred pounds, we 
find that we just can’t shovel it into 
a reactor like coal, or melt it and pipe 


it in like oil, and expect it to gene-. 


rate heat. In the first place, there is a 
certain minimum amount, or “critical 
mass,” that we must have. Experimen- 
tal physicists have found that, for a 
given enrichment level, there is a spe- 
cific minimum quantity of fuel that 
will sustain a fissioning “chain reac- 
tion.” Any quantity less, of course, 
will not produce the nuclear phenom- 
enon desired. And secondly, we must 
arrange the fuel with minute care for 
purposes of control and heat trans- 
fer. 


If the required amount of fuel for 
criticality were arbitrarily assembled 
into one mass, we’d have an atomic 
explosion rather than a nuclear reac- 
tor. This poses the immediate problem 
of segregating the fuel into small com- 
ponents to facilitate delicate critical- 
ity adjustment, and to provide reserve 
material to keep the chain reaction 
going as the fissionable nuclei are 


burned-up. Unlike shipboard boilers, 
reactors have no air registers to ad- 
just nor oil pressures to regulate. 
Such regulation and control is, in part, 
accomplished by the configuration de- 
sign and spacing of the fuel within the 


reactor proper. 


Another reason for dividing the fuel 
into small segments is to permit the 
passage of a coolant for the removal of 
the generated heat. In an ordinary 
boiler, the chemical combustion of the 
fuel produces gases which pass along 
and around coolant tubes in a rather 
simple flow pattern. This is not the 
case in reactors. Instantaneous heat is 
developed deep within the metal fuel 
and the only effective way that it can 
be removed is by a direct interface 
contact between the coolant and the 
fuel itself. Unless this is done, the fuel 
will melt, and so will the structural 
members of the reactor proper. The 
removal of heat, therefore, is one of 
the crucial problems in the design of 
nuclear reactors. This problem is 
partly met by the fabrication of the 
fuel into numerous separate “fuel ele- 
ments.” 


FABRICATION OF FUEL ELEMENTS 


In order to meet the spacing re- 
quirements above, fuel elements must 
be formed into thin plates, small- 
diameter rods, pins, bars, pellets or 
other suitable shapes. Some advanced 
conceptual reactor designs utilize the 


fuel in its molten state or as a fused 
salt, but these fuel element designs 
are beyond the discussion here. To 
date, the major attention has been 
given to the technology of solid fuel 
elements. 
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Now, if were to take the required 
number of bare fuel plates or rods and 
arrange them in a reactor, what would 
happen? In the first place, because of 
the intensity of the fission, microscopic 
heat “spikes” or bumps would appear 
on the surface of the fuel metal and 
present restrictions to the coolant 
flow. The seriousness of these surface 
irregularities would depend upon the 
form of fuel and the type of coolant. 
At the same time, radioactive contam- 
ination would join the coolant cycle. 
Even without fission, the flow of the 
coolant will corrode the fuel, partic- 
ularly so, at high temperatures. Fur- 
thermore, the action of a fluid coolant 
will flake-off, erode, and cause par- 
tial solubility of the fuel in the coolant 
in such a way as to cause deposits of 
the fuel material elsewhere in the sys- 
tem. These deposits have an adverse 
effect on criticality control and heat 
transfer and, consequently, a greater 
amount of costly make-up fuel is re- 
quired. It is apparent, therefore, that 
the fuel elements cannot be placed di- 
rectly in the coolant medium like the 
plates in a wet storage battery. In- 
stead, we must add a protective clad- 
ding or container jacket. 


The cladding material may be alum- 
inum, stainless steel, zirconium or 
other metal which has the desired nu- 
clear and structural properties. The 
container metal stops recoiling fission 
fragments and minimizes the radio- 
active contamination of adjacent re- 
actor materials. Corrosion and erosion 
of the fuel, also, are minimized. In 
short, the metallurgical preparation of 
the jacket completely seals the fuel 
and its fission products into small man- 
ageable units or segments. 


For practical reasons, fuel elements 
are more generally fabricated into 
cladded plates or pins. Depending on 
the type of fuel element, a rigid se- 
quence of rolling, machining, drawing, 
swaging, and inspection for close tol- 
erances is required. For a reactor suit- 
able for shipboard purposes, from sev- 
eral hundred to several thousand of 
these fabricated elements would be 
needed. They are clumped together in 
bundles for ease of accounting and 
expeditious replacement. All such 
fabrication work is done ashore un- 
der a “controlled atmosphere” due to 
the inflammable dust and conservation 
measures involved. 


CORE AND COOLANT 


The furnace of a reactor is called 
the core. Here, the fuel elements are 
positioned to maximize the capture of 
random neutrons by atoms of fission- 
able material. In this central fissioning 
region, a stringent economy of neu- 
trons must be maintained. Any leak- 
age of them outside of the core, or their 
absorption by non-fissionable nuclei 
in fuel, coolant and structural mate- 
rials, would reduce the reactivity and 
power density of the core. For this 
reason, all materials used in the con- 
struction and operation of a reactor, 
including even the welding material, 
must be selected on the basis of its 
nuclear compatibility with neutron 


economy requirements. At the same 
time, such materials must exhibit 
structural stability and must not be 
readily damaged by the intense neu- 
tron irradiation. This excludes almost 
all materials used in present-day boil- 
er construction. 


The ideal shape of a reactor core is 
that of a sphere. This presents the best 
configuration for the maximum con- 
servation and utilization of the trig- 
ger neutrons. Upon each fissioning 
process, the new-born neutrons speed 
around, hither and yon, randomly, in 
every conceivable way. The purely 
random nature of their direction is 
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such that a spherical fuel mass best 
keeps the chain reaction going. How- 
ever, the construction of a spherical 
reactor shape has practical limitations. 
Not only is it difficult to fabricate, but 
access for the insertion and removal of 
fuel and the complex channeling of 
coolant required, lead to other major 
objections. The next best shape is cyl- 
indrical but this, unavoidably, leads 
to some inefficient use of the fuel ma- 
terial. 


Physics calculations for the mini- 
mum amount of fuel required for a 
specified power level of a reactor, are 
based on the spherical geometry of a 
theoretical fissionable core. Thus, 
when we construct a cylindrical core, 
we must envision that that fuel outside 
of a spherical area within the cylin- 
der is less effective for the production 
of heat. Fortunately, however, by the 
use of suitable neutron reflectors, not 
only can the total amount of critical 
fuel be reduced, but also the ineffi- 
cient area of the fuel can be better 
utilized. 

Any heat generating source requires 
some medium to remove the heat from 
the furnace area to other regions for 
its conversion into steam. In a naval 
boiler, for example, water-filled 
tubes perform this function. In reac- 
tors, where heat densities are much 
greater, water may be used but the 


trend is toward the use of liquid met- 
als for the primary coolant. Examples 
are: bismuth, lead, potassium, sodium. 
and alloys thereof. These low melting 
point metals permit high temperature 
operation in low pressure systems. 
High coolant temperatures are neces- 
sary for efficient recovery of power 
from a reactor and low pressures are 
conducive to simplified designs. Liq- 
uid metals also have high heat capaci- 
ties and good heat transfer properties 
so that heat exchange surfaces and 
quantities of coolant used are small. 


When any coolant passes through 
the reactor core, it is exposed to neu- 
trons which may make it radioactive. 
During the total time that the coolant 
is in the reactor, here is a continuous 
birth of radioactive atoms and also a 
continuous decay. When the coolant 
leaves the reactor the birth activa- 
tions stop but the radioactive decay 
continues, emitting harmful particles 
and rays. This decay, or induced ra- 
dioactivity, necessitates the installa- 
tion of heavy shielding around the 
entire heat transfer system in order 
to protect operating personnel. This 
requirement has lead to the develop- 
ment of “binary” coolant systems with 
the great and overriding advantages of 
providing isolation of the steam and 
turbine section of the propulsion plant 
from the reactor proper. 


PUMPS AND HEAT EXCHANGERS 


In most boilers, water and steam 
circulation takes place by natural con- 
vection, that is, cold water flows down- 
ward; hot water and steam flow up- 
ward. In reactors, on the other hand, 
forced circulation generally must be 
used. Effective and efficient heat re- 
moval requires rapid coolant flows 
that cannot be accomplished by nat- 
ural means. This is particularly the 
case with molten metal coolants. 


The pumping of molten metals has 
introduced new hazards and major 
problems into reactor system designs. 
When pumping a liquid metal, say at 
1000°F., careful design must be made 
to prevent leaks, spills or accidents to 
the pumps themselves. Aside from the 
radioactive contamination in the cool- 
ant, any metal leak at this tempera- 
ture would almost certainly start a 
fire somewhere, or if not, the leaking 
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metal would be difficult to cool and 
control. As a result, reactor pump 
leak-tight specifications are very rig- 
id. For example, the usually specified 
leakage tolerance is one cubic centi- 
meter in ten years! Such a specifica- 
tion has eliminated the use of conven- 
tional rotating or reciprocating seals 
or bearings in the primary coolant 
system. 


To meet this situation, two ap- 
proaches have been made: one, the 
development of a fluid bearing centri- 
fugal pump, and the other, the devel- 
opment of electromagnet pumping. 
Electromagnetic pumps are devoid 
of bearings, blades, seals and shafts. 
They are very durable but their 
capacities and efficiencies are low. Liq- 
uid metal centrifugal pumps, on the 
other hand, attain higher pumping 
flows but they are subject to general 
mechanical failures. ~ Nevertheless, 
successful pumps of both types have 
been developed to give satisfactory 
service in temperatures up to 1000°F. 


Because of the previously men- 
tioned radioactivity in the molten cool- 
ant and its high temperature, it is de- 
sirable to have triplicate pumps at all 
flows, plus an adequate supply of 
spares. For example, 10 to 15 pumps 
might be required for a reactor as 
compared with two or three feed- 
water pumps for a boiler. Upon any 
malfunctioning of a reactor pump, im- 
mediate repairs cannot be made. Not 
only must the inoperative pump be 
allowed to cool-off thermally, but ra- 
dioactivally as well, before mainte- 
nance personnel can disassemble and 
handle it. This may take days or weeks. 
If it becomes necessary to disconnect 
and remove a defective pump from the 
system, remote-handling hoists with 
periscope visual aids are required, to- 
gether with personnel working under 
a time limit and behind biological 
shielding. It also may be necessary to 
discard a pump entirely, either because 
of persistent radioactivity or solidify- 


ing of the metal coolant with inter- 
nal critical parts of the pump. As an 
overall consequence, we must antici- 
pate a considerable number of com- 
plicated pumps and pump-mainte- 
nance problems when envisioning nu- 
clear reactors on board ship. 


What reactors require in the way 
of additional pumps is partly compen- 
sated by the lack of valves. Indeed, 
valves are conspicuous-by-their-ab- 
sence in the primary coolant system 
of a reactor. To be of use, they would 
have to be quite large; they would 
have to be remotely operated through 
the reactor shielding; and, they would 
have to operate in radioactive metal 
fluids. Packing against leaks would 
be almost an impossibility. They would 
cause no end of trouble, and would 
be subject to “freezing” in some ad- 
verse open-close position. Conse- 
quently, insofar as practicable, valve 
regulating functions are designed into 
the coolant system by ingenious va- 
riations in pipe sizes and pump-speed 
controls. 


When the primary coolant leaves 
the reactor it goes to a heat exchanger- 
boiler when it gives up its heat to a 
secondary coolant, usually water. If 
the primary coolant is liquid metal, 
obviously, it cannot be circulated di- 
rectly through the turbine! Actually, 
the heat exchanger-boiler (there may 
be several in the total system) repre- 
sents the transition from nuclear re- 
actors to regular boiler plant func- 
tions. Here, secondary coolant tubes 
are arranged to extract heat from the 
primary coolant in adequate quanti- 
ties and at the optimum steam tem- 
peratures and pressures for the re- 
actor plant design. The turbine then 
is coupled to the total steam plant in 
the ordinary conventional way. 


One major feature that distinguishes 
nuclear heat exchanger designs from 
ordinary heat exchangers is that the 
secondary coolant, if water, must nev- 
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er, never, come in contact with the 
primary coolant, if a liquid metal. 
‘There are two reasons for this: (1) 
in the event of leaks in the primary 
tubes, radioactive contamination 
would spread to areas outside of the 
reactor shielding, to say nothing of the 
loss of the costly coolant involved; and 
(2) if an alkali molten metal were to 
meet with water, a violent chemical 


reaction and explosion would take 
place. To avoid these adverse possi- 
bilities, special concentric-tube con- 
struction provides an intermediate 
barrier or leakage space between the 
two coolants. When the annulus is 
filled with, say, lead or mercury, good 
heat transfer is provided as well as 
good leak protection and detection. 


STARTUP AND CONTROL 


The startup of a nuclear reactor, like 
the startup of any boiler system, re- 
quires a programmed sequence of 
warm-ups and check-offs. This per- 
tains to the primary and secondary 
coolant loops, sensing instruments, 
safety devices, control mechanisms 
and all associated reactor auxiliaries. 
If we consider only the primary cool- 
ant loop, for the moment, we learn 
that first we must preheat the entire 
system with a hot inert gas, such as 
helium, to thermally condition the 
lines (to avoid cracks and ruptures; 
to test for leaks, etc.) before receiv- 
ing the coolant medium. If such a me- 
dium is metal, it must be uniformly 
heated above its melting point then 
circulated through the system, grad- 
ually increasing its temperature to the 
normal operating inlet temperature of 
the reactor. This may be up to around, 
say, 600°F. To preheat the coolant to 
this temperature, a separate oil-fired 
conventional boiler is needed as an 
auxiliary. 


The lighting-off and warm-up pro- 
cedure of a modern marine boiler can 
be accomplished in several hours. For 
a reactor, this may require several 
days. Another difference is that the 
warm-up is accomplished without any 
heat being generated in the reactor 
core. In a nuclear sense, the reactor 
would be subcritical or “cold.” Ac- 
tually, of course, at the preheat tem- 
perature mentioned above, the reac- 


tor internals would be warmed which 
is highly desirable in order to avoid 
sudden and unequal expansion there- 
in. 


There is another contrast between 
an ordinary boiler and a reactor, for 
startup, and that is the arrangement 
of the fuel supply. In a boiler plant, 
the fuel is contained in tankage out- 
side the furnace area, preheated, 
piped-in under pressure and atomized. 
For a reactor, the entire fuel supply is 
contained within the reactor core. The 
quantity of fissionable material must 
be sufficient to meet critical mass con- 
ditions; to compensate for fuel deple- 
tion or burnup for the contemplated 
cycling time of the core (analogous to 
maximum cruising range); and, to 
provide additional reactivity to “over- 
ride” the fission product poisoning in 
the core. The total quantity of fuel can 
only be placed in the reactor when all 
control rods are in the full “in” or 
“black” position. Otherwise, a dan- 
gerous supercritical condition would 
exist—spontaneously! 


Control rods consist of materials, 
usually impurities or “poisons,” which 
have an affinity for the non-fission 
capture of neutrons. These materials, 
such as boron and cadmium, are al- 
loyed with steel rods in sufficient 
quantities to rapidly absorb great 
numbers of neutrons from the fuel 
matrix. In so doing, the core cannot 
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go critical and no chain reaction would 
result. 


What is analogous to “light-off” in 
an ordinary boiler is accomplished by 
ever-so-gradually withdrawing se- 
lected control rods until a critical state 
is reached. It is difficult to predict with 
exactness when this will take place, as 
it depends on the enrichment level 
of the fuel material, the design ar- 
rangement and configuration of the 
fuel elements, and the effectivity of 
the artificial neutron producing source 
(a neutron torch?) within the reactor. 
Nevertheless, as the rods are with- 
drawn, criticality is approached and 
the desired nuclear reaction is started. 

Control of the reaction is a function 
of what is called the neutron multi- 
plication factor, or “k,” of a reactor. 
To maintain the chain, each nucleus 
of fuel material undergoing fission 
must produce enough neutrons to 
make at least one available to induce 
fission of another nucleus. Actually, 
from two to three neutrons are born 
in each fission but not all of them sur- 
vive to cause new fission phenomena. 
Hence, if “k” is exactly equal to or 
greater than unity (i.e., an average of 
one surviving neutron—there are 
many thousand fission processes each 
second), a chain reaction is possible. 
But if “k” is less than unity, even by a 
small amount, say 0.9995, criticality 
cannot be maintained and the reaction 
will die out. 


The value of “k” in any nuclear fuel 
system is dependent upon the results 
of four competing processes for the 
neutrons produced in fission. A frac- 
tion of the neutrons may escape en- 
tirely from the system; others may be 


captured by natural uranium (U-238) 
which generally is non-fissionable, or 
by other non-fissionable fuel diluents. 
Or, there may be parasitic capture of 
a portion of the neutrons by the cool- 
ant, reflector, structural material, ex- 
traneous substances and other poisons. 
Then, of course, some of the neutrons 
may survive to be captured by the 
U-235 nuclei. But there is no guar- 
antee that this will take place. The 
first three processes remove neutrons 
from the system in a non-productive 
manner. Only in the latter process 
are other neutrons born sufficient to 
produce a net gain in “k” above unity. 
It is the function of the control rods 
to adequately regulate “k” to man- 
ageable values. 


There are three types of control 
mechanisms of interest. They are: 
(a) regulating rods, (b) shim control, 
and (c) scram control. Regulating 
rods permit fine control and microm- 
eter-type adjustments of “k,” and for 
the shifting of power levels of the 
reactor. Shim controls, on the other 
hand, permit larger variations in “k” 
and play a major role in startup, shut- 
down, and compensation for fuel 
burnup during operation. As a last re- 
sort against the reactor going “prompt 
critical,” and thus endangering the re- 
actor and personnel, scram controls 
are provided. These controls permit an 
emergency shutdown-type action 
either by dumping massive amounts 
of poisons into the core, or by a bun- 
dle or more of fuel elements suddenly 
dropping out of place. When either 
of these conditions take place, major 
procedures would be necessary to re- 
store the reactor to normal operation. 


INSTRUMENTATION AND SHUTDOWN 


Unlike the procedure of operating 
personnel in boiler rooms on ship- 
board today, reactor operating per- 
sonnel are not in a position to see, 


hear or feel the results of their ac- 
tions or inactions. Their endeavors are 
entirely dependent upon instruments. 
They operate in a shielded control 
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room, blind as it were, and all the 
reactor operation intelligence is fed to 
them through a complexity of instru- 
mentation and circuitry. The timely 
and proper interpretation of these 
instruments would be one of the most 
important duties aboard ship. A cas- 
ualty to the reactor could mean cas- 
ualty and inconvenience to a great 
number of other personnel. 


The function of the reactor instru- 
ments is to monitor the various oper- 
ating factors (e.g., fuel element dis- 
tortions, coolant flows, neutron den- 
sity, control rod positions, etc.) in such 
a way that they are held within de- 
sired limits, automatically. Asso- 
ciated safety and interlock circuits 
seek to minimize the effect of operating 
error and equipment failures. In ad- 
dition, many radiation detection in- 
struments are needed to give warn- 
ing of X-rays, gamma rays, escaping 
neutrons, etc. Such radiation hazards 
could be present in stack gases, the 
ventilation system, the sanitary sys- 
tem, and even “scattered” from the 
structural parts of the reactor proper, 
the vessel’s hull or the water outside. 

The sensing probes of many instru- 
ments necessarily are located through- 
out the reactor and other areas where 
they are subject to damage by neutron 
irradiation. Unfortunately, in the first 
place, because of their inherent na- 
ture such instruments are not too effi- 
cient. And secondly, their useful life 


and reliability are adversely affected 
by the nuclear emanations. These con- 
ditions result in the necessity for du- 
plicate and triplicate sensing equip- 
ment for the critical factors which con- 
trol the fluctuating power demands 
of the reactor. 


A distinctive feature of reactor op- 
eration is that when a reactor is shut 
down, heat continues to be liberated 
for a considerable period of time 
thereafter. This is due, primarily, to 
the natural decay of fission products 
in the core. In the decay process, ra- 
dioactive nuclei emit their excess en- 
ergy in the form of particles and rays 
which produce heat. This heat must 
be removed in order to avoid undue 
temperature rises and the consequent 
distortion and melting down of the 
entire core. To do this, the coolant 
system must be kept in continuous 
operation after reactor shutdown and 
the excess steam used either for aux- 
iliary equipment or diverted to some 
form of dummy load. Decay heat is 
new heat generated. It is not like that 
in a boiler where residual heat con- 
tinues for a few hours after shutdown 
such that the steam formed can be 
dumped to the atmosphere through 
safety valves. The time-lag of shutting 
down a reactor may be several days 
or longer. It is uneconomic to shut a 
reactor down very frequently and, 
therefore, reactor installations should 
be made where continuous operation 
is feasible. 


WASTE DISPOSAL 


When a reactor has run its designed 
core life, it becomes necessary to re- 
place the spent fuel with new fission- 
able material. This requires novel pro- 
cedures and facilities. One just doesn’t 
enter the reactor, disconnect the old 
fuel elements, and haul them up on 
deck to drop them over the side or to 
allocate them to the scrap pile. Instead, 


because of the radioactive contamina- 
tion involved, disassembly of the ele- 
ments must be done with remote- 
handling equipment using some type 
of mechanical-tong manipulator pro- 
jecting through the reactor shield 
breech blocks. When disconnected, 
the elements first are transferred or 
dropped into shielded water storage 
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tanks to allow them to cool-off radio- 
actively. After a few days, they can be 
transferred to “coffins” (made of steel, 
concrete and lead) for shipment to 
central plants ashore for processing 
and disposal. 

At the process plants, the spent fuel 
elements are decontaminated by 
chemical processes and the unburned 
fissionable material is separated and 
recovered. In general, the percentage 
burnup of fissionable nuclei in the re- 
actor core is quite low such that the 
spent fuel has a high salvage value. 
It must be remembered that the fuel 
was costly in the first place, and that, 
further, it has to be conserved for na- 
tional reasons. In addition, some new 


fissionable material is produced by 
“internal breeding” of the nuclear 
processes. This new material, pluton- 
ium-239, is likewise a vital fuel re- 
source. 


The final disposal of the fuel waste 
or “ash,” after a sequence of channel- 
ing through dissolving and settling 
tanks, is done in strict conformance 
with radiological safety requirements. 
This radioactive waste must not be re- 
leased to any municipal sewerage or 
garbage disposal system where it 
could become a public menace. Either 
it must be buried underground in 
concrete vaults, and monitored, or it 
must be imbedded in concrete and 
dumped far at sea. 


A CHAPTER IN THE FUTURE 


One should not conclude from the 
tenor of this discussion that we are in 
the midst of an “Atomic Power Age,” 
so far as the development and utility 
of nuclear reactors are concerned. To 
be realistic, one should recognize that 
all reactors are very costly and com- 
plex. The mandate for safety in their 
design is paramount. Many problems 
exist and many technological im- 
provements and simplifications must 
be made before they can be considered 
seriously as a competitive method for 
the generation of steam for shipboard 
power. It also must be realized that 
such reactors comprise a field in which 
there is little or no actual operating 
experience. As an overall consequence, 
they more appropriately constitute a 
chapter in the future of the Navy ra- 
ther than a chapter in the present. 


For the immediately foreseeable fu- 
ture, nuclear reactors offer greater op- 
portunity to the Navy than to any oth- 
er power utilization source. The at- 
tractive fuel cycling time and space- 
saving features, as compared with ex- 
isting boilers, establish definite tac- 


tical advantages. Among these are in- 
creased cruising radius, increased 
speed and increased weapons load. 
For submarines, the pronounced ad- 
vantage is that reactors operate in- 
dependent of air or oxygen supply. 


Emphasis on safety always has been 
a Naval engineering specification so 
that the operation of nuclear reactors 
merely requires more care and vigi- 
lance. The Navy has the training fa- 
cilities, the personnel, and can make 
them available for extended periods of 
specialized indocrination in reactor 
theory and operation. Such facilities, 
at least in part, serve to compensate 
for the technical complexities in- 
volved. The security of vital informa- 
tion on performance and design spec- 
ifications can be maintained effective- 
ly in the Navy. The high cost of re- 
actors is more acceptable to the na- 
tional budget as “research for de- 
fense” than any other type of power- 
reactor development program. With 
all of these assets, the Navy is in an 
enviable position to acquire early 
knowledge and experience in reactor 
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technology. Once gained, and when se- 
curity and economic considerations 
permit, this technology can be extend- 
ed to other mobile power plants, such 
as merchant vessels, and to central- 
station power plants ashore. 


In summary, then, the story of 


atomic power on shipboard can be ex- 
pressed in one sentence: We have a 
few points on the curve of a new tech- 
nology, but we should restrain against 
any arbitrary extrapolation of this 
curve to a millennium—until the Navy 
has paced the way. 
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Seven years have passed since the close of the most costly and destructive 
war in mankind’s recorded history. In the interim, an ominously prophetic 
“Spanish War” has run its brief and violent course on the mountainous penin- 
sula of Korea where some five Chinese field armies have been mauled out of 
virtual existence by relatively small, high-fire-power UN forces in a disastrous 
“lost face” blunder by the Communists. With present world events showing 
unmistakable signs of repeating some familiar historic cycles; and with the 
perspective of time as a sobering backdrop, it might be appropriate at this 
time to candidly review some of the industrial potential problems of that 
great conflict. 


WORLD WAR II—WAR OF LOGISTICS 


World War II has been variously re-__ inclinations. As far as American mil- 
ferred to as a war of many things, de- itary professionals were concerned, 
pending upon the commentators view- however, it was in effect a war of lo- 
point, enthusiasm and axe-grinding  gistics—a war of production and sup- 
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ply—fought out at the ends of some 
50,000 miles of transport lines, on four 
continents, at a half dozen major the- 
atres of operation, pivoted about Al- 
lied seapower and based heavily upon 
American industrial and technological 
potential. The German high command 
viewed it as a war in which a land- 
power failed in its “march around the 
seas” and lost the war in the North 
Atlantic in the midst of all its major 
land victories when Allied seapower 
smashed the U-Boat wolf packs and 
began to pour a torrent of American 
war material into Britain and Russia. 
The Japanese militarists regarded 
themselves as unprepared boys sent on 
a man’s errand to assault a slumber- 
ing industrial Colossus who barely 
awoke in time to crush them for their 


foolhardiness. (Note that one of them 
had the brazen effrontery to add that— 
“Next time, we won’t make that mis- 
take.”) The Russians saw their side 
of the great conflict as one in which 
men and land were traded off for time, 
while a powerful and swiftly striking 
foe was slowly bled down in a re- 
treating, guerrilla, “meat-grinder” 
counter-offensive till the poised Allies 
were ready to strike in the Wesi. 


The concensus of professional mii- 
itary opinion here clearly stressed the 
significance of industrial and techno- 
logical potential, seapower, logistics 
and the time element in modern war- 
fare. This is in striking contrast to the 
gaudy and amateurish science-fiction 
views frequently encountered in the 
press today. 


WARTIME INDUSTRIAL ORGANIZATION EXPANSION 


The management of industry during 
wartime presents many aspects not or- 
dinarily encountered during so-called 
“normal” peace-time periods. One of 
the major problems lay in a swift, 
ten-fold industrial organization ex- 
pansion in a relatively short space of 
two years’ time, while simultaneously 
faced with serious manpower, material 
and transport shortages and near-im- 
possible production schedules. This 
situation can be viewed in the light of 
transient electrical network analysis 
such as has been so successfully ap- 
plied to economic society by econo- 
mists and to industry by military lo- 
gistics men. A crude analogy can be 
drawn by firing progressively heavier 
and increasingly frequent current 
pulses into a small and badly over- 
loaded electrical system and then has- 
tily patching it up in makeshift at- 
tempts to catch up with the amplitude 
and rep rate signal overloads, with all 
of the attendant operational errors, 
jamming, surging, violent hunt oscil- 
lations, breakdowns and burn-outs. 


In looking back on the war, per- 
haps the one element which stood out 
uppermost in mind, was the one which 
was a striking enemy’s most effective 
weapon—the ever relentless, pressing 
and fleeting time. The mechanization 
and electronization of modern military 
machines has endowed them with a 
mobility, range, awareness and strik- 
ing power such as to make the time 
element the vital key to successful 
over-all military operations. This 
time factor is carried over to the in- 
dustrial side of the war effort with 
all of its pressing significance. 


The familiar industrial organization 
problem crops up much as in the case 
of military armament planning—sus- 
tained maximum preparedness is im- 
possibly costly and the equipment and 
materiel subject to constant obsoles- 
cence; while minimum preparedness 
is to fail to keep abreast of new tech- 
nological development and to court 
military aggression and disaster. To 
meet this dilemma, the military have 
developed a compromise “hard-core” 
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or “nuclei” system whereby intensive- 
ly trained and superbly equipped mil- 
itary forces are maintained in limited 
numbers in flexible-skeleton form 
which can be swiftly and systemati- 
cally expanded in the event of a war 
emergency. Similarly, military re- 
search work is fostered to keep the 
armed forces not only abreast of cur- 
rent scientific and engineering ad- 
vances, but at times, ahead of them. 


Industry has found a similar partial 
solution in military-civilian “parallel 
line” production plant lay-out, “moth- 
balling” unused plants and equipment, 
stock-piling vital raw materials, and 
planning civilian production so that it 
can be quickly converted to all-out 
military output with the barest min- 
imum of time, effort and confusion. 


However, in surveying the chaotic 
1941-6 period, it appears that the in- 
dustrial problem involved something 
a bit more fundamental, for in the final 
analysis it is men and organizations 
of men that must fight and win a war. 
As industrial organizations recoiled 
from the sudden impact of war de- 
mands, the familiar “phase delay,” 
“overshoot” and “transient ringing” 
effects familiar to electronic circuit 
engineers came into play. What oc- 
curred was that management was re- 
peatedly swamped by the unexpected- 
ly enormous demand waves of an un- 
precedentedly gigantic war. Manpower 
and materiel requirements, skyrock- 
eted multifold in a matter of months, 
were somewhat haphazardly met by 
untrained manpower and delayed ma- 
teriel. 


Emergency measures were taken, of 
course, to train supervision and work- 
ers and to expand production facilities, 
but as the writer saw it, the basic mis- 
take made was in generally acting only 
after the demands arose and not be- 
fore. What was apparently needed 
here, was a servo-system, velocity- 
derivative, “anticipator,” negative- 


feedback, damping circuit technique 
whereby the plots of the last three 
wars would be studied statistically in 
the now familiar “operations research” 
fashion. Extrapolation dotted curves 
then could be plotted for a consider- 
able distance into the future so as 
to enable management to act ahead of 
anticipated war demands to cushion 
the impact of the demand peaks upon 
its industrial organizations. Such 
studies have already been carried out 
by U.S. Air Force logistics experts. 


To illustrate the point, the manpow- 
er peak levels of some wartime Naval 
shipyards jumped from about 7,000 
personnel operating on a single 40- 
hour day-shift to as much as 82,000 
working 3 overlapping shifts around 
the clock, 7 days a week. Over 1,000%, 
the manpower peak meant approxi- 
mately that many more managers, su- 
pervisors and technical specialists, and 
this, in the midst of shifting some 4% 
million young and able-bodied men 
into the armed services. One does not 
get experienced supervisory and tech- 
nical manpower from employment 
agencies during wartime. Nor does one 
increase the development of such 
trained men to this extent in the space 
of months, or one or two years, for 
that matter. (It takes an already ex- 
perienced and skilled electrician or 
telephone man about two years just to 
thoroughly master the test techniques 
for properly checking out the sound- 
powered battle-phone networks on a 
naval cruiser which might involve 
some 2,300 battle stations and eight 
major cross-tied and sector-grouped 
systems). 


What industry might adopt here, is 
the military “hard-core” technique 
and plan civilian production plant 
lay-out and trained picked men in su- 
pervisory and technical specialist cat- 
egories in advance of estimated im- 
pending war demands. Mistakes would 
undoubtedly be made, but as the Ger- 
man military men say—“Any action is 
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better than no action at all.” This, in 
essence, was a typical military pro- 
duction observation during the first 
half of World War II—too little ma- 
terial, not anough manpower caliber 
and both too late. As in war, mere 
arithmetic manpower and manhour 
numbers meant much less than the 
kind of manpower and equipment one 
had at his disposal. The Communists 
made this surprisingly callous blun- 
der in Korea in their costly and 
bloody “human sea” offensive tac- 
tics. 


Hand in hand with the trained- 
manpower advance requirement, is 
the need for greater industrial organ- 
ization flexibility so as to permit a 
much swifter and less disjointed man- 
agerial and supervisory force expan- 
sion. This can be accomplished 
through extra “bracketing” and co- 
ordinating department and _ section 
set-ups and extra “in between” super- 
visory rates such as were successfully 
applied in wartime shipyards to pro- 
vide a smoothly integrated and slide- 


joint framework upon which an in- 
dustrial organization can be swiftly 
and smoothly expanded. 


One of the evils in not having ade- 
quate reserves of technically trained 
manpower when war breaks out, is 
that the small and overloaded core of 
experienced personnel must carry 
the brunt of the wartime production 
load and work 60 to 70 hours per week, 
sometimes up to 40 hours at a stretch 
without sleep. This cuts down on pro- 
ductive efficiency and brings on fa- 
tigue-poisoning “neurosis” which may 
last the individual the rest of his life, 
or produces serious illness which may 


' sometimes develop years after the war 


is over. 


The price paid in human resources 
is steep here and something to reckon 
with in hectic post-war years, as was 
witnessed after both World Wars. Not 
only combat veterans, but also many 
civilians have been left with deep 
and invisible scars after the cease-fire 
orders have been given. 


MANAGEMENT AND SUPERVISION 


As has already been pointed out by 
production men in recent years, the 
man-hour figures on job estimates can 
be deceptively misleading at times. 
They point out, for instance, that only 
about 1 hour in 5 actually goes into 
direct production work while the other 
4 are eaten up by stand-by, set-up, 
manpower and material and equip- 
ment shifting, information dissemina- 
tion, ordering, stocking, bookkeeping, 
clean-up, packing, shipping, etc. Ob- 
viously, if only 20% of the over-all to- 
tal manhour job time goes into direct 
production, “speeding up” the job or 
worker appeared to be a fallaciously 
barren avenue of approach as far as 
production efficiency was concerned. 
The answers lay somewhere else in 
the other 80% manhour time. 


In handling manhour estimates, for 
instance, it was easy to misjudge on an 
arithmetically logical basis. If a time 
schedule was cut back and a job was 
to get done in half the time, one sim- 
ply doubled the manpower and man- 
hours and halved the production time, 
etc. As the familiar wartime shipyard 
quip went—“If in a big rush, shove 
10,000 men out on the dock, drop a 
dozen gangways against the ship, take 
10 hours to march them up one set of 
gangways and down the other and you 
have your 100,000 manhours in and 
the 1-month repair job knocked off in 
1 day.” The paper statistics fail to 
show that the additional manpower 
was usually both unfamiliar with the 
job and usually inexperienced to boot. 
They also failed to show that jamming 
2 or 3 times the manpower in a given 
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work area, produced overcrowding, 
interference and loss in productive ef- 
ficiency. Usually, “Goober’s Law” 
would also operate and several other 
shops or departments would be simul- 
taneously pushing their jobs in the 
same area in similar fashion to pro- 
duce the well-known organized chaos 
out of regimented confusion. Workers 
would be literally walking over each 
other in a bedlam attempt to get their 
end of it done. Instead of competing 
against time, they found themselves 
competing for space instead. Here, the 
value of inter-departmental planning 
and coordinating sections was point- 
edly emphasized. Hence man-hour es- 
timates on major jobs had to be ju- 
diciously tempered by such job cir- 
cumstances when of the rush category. 


Repair, alteration and addition jobs 
manhour estimates presented a prob- 
lem usually foreign to new construc- 
tion or production work. The finished 
product had to fit into an existing in- 
stallation and had to operate in con- 
junction with it. Therein lay the man- 
hour joker. A supervisor sometimes 
found that his 3-man-day estimate 
for a minor repair job did not foresee 
a 2-man-week project of straighten- 
ing out the old faulty existing installa- 
tions with their familiar “four wrongs 
make a right” condition so as to get 
the new equipments to operate satis- 
factorily in conjunction with them. 
This was a constant source of sched- 
uling difficulty and friction between 
military management and civilian su- 
pervision in wartime naval shipyards. 
Some military people had little con- 
ception of the complexity of modern 
electrical construction and test work 
and could not see what the civilian 
Was up against in attempting to 
straighten out intricate ordnance gear. 
One solution to this problem, might 
be for military officers to attend train- 
ing lecture courses for civilian spe- 
cialists in order to better grasp the 
civilian’s construction and test prob- 


lem. It is rather significant here to re- 
call that one U.S. military mission in 
analyzing Japan’s defeat in World 
War II, stated that one reason could 
be attributed to Japanese leaders’ fail- 
ure to comprehend the complexity of 
and effort required to pursue the tech- 
nological end of modern war. 


In estimating small rush-job man- 
hour totals, the simple fact was often 
overlooked that more time might be 
taken up with assembling men, mate- 
rials, equipment, information and 
final clean-up than taken up by the 
production and test work itself. This 
also created an unnecessary job sched- 
uling and supervision problem during 
the war. Some sort of a sliding-scale 
manhour allowance factor had to be 
applied to small jobs. 


In considering the 80% “non-pro- 
ductive” man-hours, the key to more 
effective manpower and manhour util- 
ization lay in interdepartmental and 
intersectional planning and coordina- 
ting sections, together with dispatch- 
ing and expediting groups. Not only 
the right amount of men, equipment, 
material and working space had to be 
at the right place, at the right time, 
but also information, as well. Fur- 
thermore, complete coordination be- 
tween departments and shops was nec- 
essary to shuttle departments and 
shops in and out of the work area in 
the most effective sequence, or the 
work in and out of the shops. 


A big help here, was the pre-fab- 
rication technique since it allowed a 
much more effective application of 
manpower to a project by removing 
the job from the crowded work area. 
The pre-fab technique was perfected 
in British and U.S. shipyards to such 
a degree that whole ship sections were 
completely pre-fabbed down to laced, 
tagged and lugged cable ends which 
only required to be slipped into the 
ship connection boxes, the packing 
tubes stuffed and the lugs screwed 
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home, while the structural frame was 
welded and riveted in to the ship 
structure. In some marine yards, “six 
of everything” was on hand to keep 
production going unhindered at top 
speed. 


One of the big hold-up and man- 
hour loss problems during wartime 
production work, was in materials 
procurement red-tape. While a cer- 
tain amount of red-tape control over 
stock supplies is required for obvious 
reasons, management must loosen 
them up during wartime to allow 
lower-rank supervision to over-ride 
“rules-and-regulations” fuss-pots to 
get the work out on time or before. 
Time and again work projects would 
be held up where materials were 
available but unobtainable because of 
petty red-tape technicalities. A com- 
bat officer would probably not con- 
cern himself too much about a proper 
authority signature for ammo clips 
while enemy troops were swarming 
over his sector. 


In looking back at wartime pressur- 
ized production work, one of the big 
“snafu” problems was brought about 
by an inadequate dissemination of in- 
formation, both job and co-ordination. 
This is one of the Big Six of large- 
scale production work (manpower, 
equipment, materials, information, 
space and time). One of the ulcer- 
generators here was incomplete, am- 
biguous, illegible and incorrect blue- 
prints. What the drafting departments 
apparently failed to grasp, was the 
huge “pyramid” manhour loss effect 
of such prints. What one draftsman 
failed to do or “didn’t have time” to 
do in one hour in the way of a prop- 
erly executed print or spec sheet, 
could multiply itself out into hundreds 
or thousands of production and test 
manhours by the time dozens of cop- 
ies of the print circulated through 
crews of production men and weeks of 
production time. One of the more 
amusing wartime blueprint merry- 


go-round items, was to be “short-cut” 
routed through a half dozen prints via 
the “see print so and so” reference 
note route, only to be finally and baf- 
flingly referred back to the original 
print again, sans the necessary info. 
Fuzzy and illegible prints were an- 
other headache, as were unsystemat- 
ically arranged data. Blueprints must 
be complete, detailed, unambiguous, 
self-contained, systematically organ- 
ized and completely legible if the 
work is to get done quickly, efficiently 
and correctly. The blueprint is the 
brain that guides production work and 
if it be lame, the work will be bun- 
gled. 


A similar manhour “pyramid” loss 
effect was produced by incomplete 
and unsystematically arranged mate- 
rials stockrooms. Some stockkeepers 
never set up a stock room in neat al- 
phabetical and numerical and func- 
tional order since that entails much 
too much sweat. Others are of the 
“worry wart” type and an “amateur 
night at Fox’s Fabian” attitude that 
if they order enough materials to keep 
a completely stocked stock room, man- 
agement might get the idea that they 
are inefficiently squandering govern- 
ment or corporation funds or “wast- 
ing” them. The criterion for a prop- 
erly organized materials supply stock 
room is quite simple. It is one into 
which any outsider can step, quickly 
orient himself and locate anything re- 
quired to complete any job handled by 
the department in question. Where, O 
Lord, do we find such a Garden of 
Eden? 


In setting up their wartime produc- 
tion organizations and plants, produc- 
tion men might do well to carefully 
study the close team-work and com- 
munications techniques as now em- 
ployed by modern military service 
arms, and the heavy emphasis they 
place upon them. This might be philo- 
sophically likened to the simultaneous 
“awareness” of a living creatures’s 
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nervous system to both its internal or- 
ganisms and external environment. 


One of the causes for loss in produc- 
tivity of worker personnel could often 
be traced to severe working conditions 
out in the field. This included heat, 
stale air, noxious gases, poor lighting, 
noise, vibration, overcrowding, cold, 
etc. Some of this is unavoidable in 
heavy industry and construction work, 
which also includes accident hazards. 
On the other hand, a good deal of this 
can be avoided by proper equipment, 
safeguards and enforced regulations. 
The writer once heard a Navy captain 
comment after coming down below 
decks on a cruiser construction job 


into a welding-gas filled compartment, 
“A man must pay with ten or twenty 
years of his life for working under con- 
ditions like this!” America today is 
wasting her human resources much 
as she once squandered her natural 
wealth. Too few of us today realize 
that the former is much more precious 
than the latter. While the Navy De- 
partment has taken an enlightened 
and progressive attitude with regard 
toward industrial safety and health 
hazards factors, much still remains to 
be done with regard to human dam- 
age caused by noise, fatigue, inade- 
quate air supply, industrial chemicals, 
etc. When war comes, we must hire 
cripples and misfits, hence we cannot 
afford to waste our humans. 


THE MILITARY-CIVILIAN LIAISON PROBLEM 


In the case of civilian production 
establishments run by the military, a 
ticklish personnel problem cropped 
up in the way of officer-civilian rela- 
tions. That some friction would de- 
velop, even with ideal personnel ma- 
terial, seemed inevitable. This was 
true not only from the two-cooks-on- 
one-meal viewpoint, but also for the 
simple reason that the organization 
and command philosophies of military 
and civilian organizations tend to be 
somewhat incompatible. The military, 
of necessity, rely on a straight “chain 
of command” system, with implicit 
and unquestioned obedience to “rank” 
and orders. One does not go into de- 
tailed conferences, collegiate debates 
or philosophical discourses in the 
midst of combat. The major weakness 
to this “die is cast” set-up, of course, 
is the lack of an error-sensing, servo 
type, liaison feedback loop between 
the control and drive points of the sys- 
tem. Once initiated, the system ac- 
tuates itself “blind” for a time inflex- 
ibly towards a pre-planned goal in a 
do-or-die fashion, for better or for 
worse, regardless of the immediate 


subsequent circumstances or shifting 
developments. This is partly the re- 
sult of necessary long-range logistics 
preparations behind most military op- 
erations. For this reason, among oth- 
ers, the Germans were defeated in 
North Africa, for the British learned 
to anticipate their inflexible tactics. 


The military also rely upon a blan- 
ket “rules and regulations” system, 
with no leeway or exceptions per- 
mitted on an individual judgment ba- 
sis. The huge masses of manpower, 
equipment and material handled; the 
hectic state of constant flux common 
during wartime; and the entangling 
presence of the familiar wartime “sea 
lawyer” and “angle bird” type of per- 
sonnel, make this more or less man- 


datory. 


To some extent, the modern mil- 
itary service arms are getting away 
from this “Prussian Heel” command 
philosophy since it conflicts with the 
swift and mobile guerrilla nature of 
modern warfare. Nevertheless, the 
mistake made by some of the wartime 
home-base and rear-echelon base mil- 
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itary establishment officer manage- 
ment, was to attempt to run civilian 
personnel with such military dispatch. 
While the civilian was compelled to 
submit to such arbitrary discipline 
during an emergency wartime period 
because of wartime manpower freeze 
regulations, such tactics were doomed 
to failure and only resulted in loss of 
morale, balky submission, personnel 
friction, loss in productivity and a rash 
of experienced personnel resignations 
at the conclusion of hostilities. To 
state that irreparable damage was 
done here, is, to put it mildly, under- 
stated. This situation has been cleared 
up to a large extent in post-war years, 
but will be discussed here in blunt 
detail anyway since many of the 
points have a bearing upon civilian or- 
ganization management. 


Aside from the basic difference, be- 
tween military and civilian organiza- 
tion and command, there also are some 
more subtle psychological aspects. 
Once a man dons a military uniform, 
he enters a psychological world apart 
and in his eyes, a civilian simply 
doesn’t “belong” and is an “outsider” 
in a military establishment. On top of 
this, during wartime (and sometimes 
justifiably so, unfortunately) he is re- 
garded as a “draft dodger” and a 
“time-and-half goofer-offer,” even 
though he may have been employed 
there for years prior to the war, 
frozen in his job by wartime man- 
power acts, reasonably industrious 
and had made a volunteer service of- 
fer to one of the military services. Such 
an attitude on the part of some mili- 
tary men (many of whom were war- 
time draftees themselves, incidently) 
was bound to show up in officer- 
civilian relations, with no good to mil- 
itary production accomplished. 


To still further aggravate the per- 
sonnel situation, during wartime most 
military men were not military pro- 
fessionals at all, but reservists or 
draftee civilians in a new and unfamil- 


iar set of clothes. While this is a per- 
fectly normal wartime condition, 
troubles developed when certain psy- 
chological personnel types were in- 
volved. The most troublesome cases 
involved men who as civilians held 
down petty hack jobs involving no au- 
thority, responsibility or supervision. 
Such men who suddenly found them- 
selves hurled into the whirling mael- 
strom of war and abruptly promoted 
onto positions of authority and respon- 
sibility, sometimes reacted in unpre- 
dictably neurotic fashion. The familiar 
“Casper Milquetoast to Simon Legree” 
psychological transformation would 
sometimes take place in the familiar 
“law of compensation” fashion. The 
little boy stumbling around in the big 
man’s shoes found himself inebriated 
on a potent brew of rank and author- 
ity, the masochist turns sadist, and 
another “little Hitler” was born. 


Others reasoned that they were in 
only “for the duration” and operated 
as rate-happy opportunists out to get 
all they could as fast as they could, re- 
gardless of who or what got hurt in 
the process. Still others were the 
“worry wart” red-tape buck-passers 
who found the job much too big for 
their britches (but the pay not too fat 
for their wallets) and snarled up 
things in a morass of double-talk, 
petty technicalities and buck-passers. 
Then there were the arrogant, insult- 
ing, sadistic “silk whip” type who 
wrecked morale far more effectively 
than the most carefully calculated en- 
emy propaganda. The damage such 
supervisory personnel, both military 
and civilian, have accomplished in 
wartime military production estab- 
lishments, made the efforts of enemy 
saboteurs appear rather superfluous. 


The lesson taught here by the war 
appears to be three-fold. One is that 
the higher type of officer personnel 
cannot be shipped off to home-base 
training centers and the combat fronts 


in wholesale fashion where admittedly 


310 


| 
| 3 
| 
| 


WARTIME MILITARY-ESTABLISHMENT INDUSTRIAL-MANAGEMENT PLANNING 


they are so desperately needed. A 
broader, over-all logistic viewpoint 
seems more appropriate and some ex- 
ecutive type officers (and the writer 
encountered some unusually excellent 
ones during the war) should be 
sparsely rationed out on a rotational 
basis among the home-front and rear- 
echelon production bases to set as cir- 
cuit impedance - matching, tuning, 
coupling and damping elements to 
more closely couple, tune and stabil- 
ize the military-civilian networks for 
greater and less distorted output. The 


second is to set up adequate person- 
nel and psychological test procedures 
for officer personnel being assigned to 
civilian production management di- 
visions so as to weed out the psycho- 
logical misfits before they do their 
damage. The third is for the military 
services to set up a program for the 
thorough training of officer personnel 
in industrial administration and per- 
sonnel management at the various 
military service schools. This has al- 
ready been partly accomplished, par- 
ticularly by the Navy Department. 


PERSONNEL PROBLEMS 


As already mentioned, war is not 
so much a conflict of nations or mil- 
itary forces as it is a struggle of man 
against man. Fundamentally then, the 
outcome of a major war is to a large 
degree determined by the caliber of 
the individual, both leader and led, 
on both sides of the conflict. Therein, 
as the writer saw it, lay one of our 
major military weaknesses which was 
exploited by the Axis powers in the 
last war with considerable success; 
and one which the Communists will 
play upon even more in the event of 
another world war. For the next one 
will undoubtedly be “absolute” war, 
with everyone automatically a com- 
batant whether he or she chooses to 
be one or not. Modern science and 
technology have made it so, paradox- 
ically enough. 


Viewing the human from a purely 
impersonal viewpoint, his military po- 
tential might be arbitrarily broken 
down into four general categories— 
physical, psychological, educational 


and experience. 


With regard to the physical aspects, 
draft board statistics disclosed a ra- 
ther shockingly low average physical 
standard of our manpower. Similarly, 
much of the civilian wartime produc- 
tion personnel was poorly equipped 


physically to handle heavy, dangerous, 
strenuous or long-work-hour jobs. 
This is paradoxically in sharp contrast 
with the high standard of living exist- 
ing here and the magnificent athletes 
and pilots produced by the U.S. Why 
then, one might ask, this high contrast 
ratio? The answer where our youth 
is concerned, probably lies deeply 
rooted somewhere in our outdated 
schooling system, decadent social atti- 
tudes and cynical post-war psychol- 
ogy. 


A casual study of the Spartan, Ro- 
man, Swiss and Czechoslovak Repub- 
lics, indicates a high respect for ath- 
letic prowess and physical develop- 
ment and a concerted attempt at de- 
veloping it on a mass scale. While this 
attitude does exist in the U.S. psycho- 
logically, there is not the organized 
mass effort to physically develop all 
of our youth. We have too much of the 
small specialist performer vs. mass 
spectator group attitude, with a result- 
ant detrimental effect upon our gen- 
eral physical well being. We also have 
too many industrial workers who can- 
not see or hear well, climb scaffolds, 
lift heavy gear, or withstand more or 
less necessary severe industrial noise, 
heat, foul air and long work hour con- 
ditions. And we have much too many 
of our youngsters who do most of their 
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physical training in gin mills, parked 
cars, street corners, pool parlors, and 
“social” clubs. 


Compulsory physical training, ath- 
letic participation on a mass basis and 
a greater stress on proper diet, health 
and physical development education 
in our schooling systems appears to 
be advisable. “Parlor generals” may 
paint spectacular pictures of impossi- 
bly costly science-fiction warfare of 
the future, but as always in the past, 
in the final analysis it will be the un- 
sung and unknown “guys on two feet 
with guns in two fists” who will have 
to settle the outcome of the next ma- 
jor war. Even if such warfare was 
possible to finance, such technological 
combat would obviously place even 
severer physical demands upon the 
combat men than required in the past. 
The next war will not be won by so- 
cial-lion softies or gin-mill zoot- 
suiters, atomic push-buttons or no, 
whether they be combat-front fight- 
ers or home-front producers. For the 
home front will also be a battle front 
in the next war. 


Our manpower’s educational equip- 
ment also had many _ shortcomings. 
During wartime, women take the 
place of men in both industry and war, 
while men take the place of women 
at the combat fronts in many respects 
(phone operators, cooks, messengers, 
aides, typists, medical assistants, etc.). 
This points to one of the minor flaws 
in our schooling systems, at least 
where war is concerned. While this 
usually brings on humorous comments, 
it might be worth while to train boys to 
some extent in cooking, sewing, home- 
making, etc., while girls might take up 
some woodworking, drafting, sheet- 
metal, light machine-shop work, etc. 
When war comes, the youngster is bet- 
ter prepared for the emergencies pro- 
duced by it, whether they be military 
or industrial. Such training is of some 
value even in peacetime. 


Our academic system might also be 
a bit outdated in too much stress upon 
cultural subjects and the human sci- 
ences. While this can be a hotly de- 
batable point, the harsh fact remains 
that modern society is technological 
and so is modern war. Hence only a 
technologically trained nation can 
hope to survive in the struggle of in- 
dustrial giants that will probably con- 
tinue to crop up every generation or 
so, human nature and the world’s 
political structure being what they are. 
Our educational programs may be 
placing too much stress upon general 
education and too little upon tech- 
nology. While there is nothing ba- 
sically wrong in teaching a youngster 
about Caesar in Gaul, Peter picking a 
peck of pickled peppers, or the solilo- 
quies of Plato, this culture will do him 
infinitessimally little good while 
crouching in a combat-front fox-hole, 
sprinting for an atom-bomb shelter, 
or helping to build a battlewagon or 
strato-bomber. Even if a youngster 
intends to enter one of the non-tech- 
nical professions, a certain amount of 
schooling in mechanical trades and 
technical subjects will stand him in 
good stead for the rest of his or her 
life, war or no war. 


We often boast of our highly in- 
dustrialized American way of life, yet 
seldom pause to realize how many of 
us cannot even adjust a carburetor, 
fix an electric iron, or make a crude 
sketch of a mechanical part required 
for the repair of a defective article. 
This points to another flaw in the 
gaudy descriptions of futuristic super- 
gimmick warfare—where to find all 
the technological supermen to run all 
the shiny multi-million-dollar push- 
buttons. 


Another shortcoming in our school- 
ing systems appears to be in too much 
emphasis upon academic material and 
too little upon practical subjects 
which would better fit a youngster to 
face the business of living in peace 
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and surviving in war. A study of war- 
time industrial personnel disclosed a 
lamentable ignorance of even the ele- 
ments of industrial safety, industrial 
hygiene, electrical hazards, drowning 
precautions, fire prevention, explosion 
hazards, traffic safety, emergency first 
aide, disaster handling, proper work 
diet and clothes, etc. Youngsters might 
also be taught driving, swimming, 
woodcraft, dancing, social conduct, 
sex facts, and encouraged in mechan- 
ical hobbies such as supervised “hot- 
rodding,” model plane, model auto, 
model boat work, etc. This is now be- 
ing attempted in some of the more 
modern schools, especially those for 
so-called “advanced” students. 


One of the troubles with the proper 
dissemination of information in large- 
scale industrial work, is the prevalent 
use of script handwriting which is 
sometimes unintelligible even to the 
writer a few days after it was scribbled 
down. It is now customary in many 
engineering fields to require all tech- 
nical memos and notes to be hand- 
printed in straight block type. With 
some practice, it is possible to hand- 
print faster than most people can 
script-write. Industry, business and 
the government would probably be 
saved a good deal of grief and vast 
sums in lost man-hours if students 
were required to do all their work in 
print form, with the standard script 
confined to signature and formal let- 
ter work. Chicken-scrawl script has 
caused a lot of trouble in wartime pro- 
duction work and should be done 
away with in technical and industrial 
fields. 


Another information dissemination 
problem was caused by an inability 
of lower-rank supervision to transmit 
explicit and unambiguous orders down 
the line; or to prepare clear and con- 
cise job status reports. Here again, one 
might point to certain shortcomings 
in our academic systems. A casual 
glance through a few scientific and en- 
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gineering journals discloses the fact 
that even supposedly highly educated 
and intelligent professionals are often 
unable to get information across to a 
reader. This might get a bit more at- 
tention in our English classes by trad- 
ing off a bit of culture for some clarity. 
What is needed is not grammatical and 
literary composition, but concise and 
informative composition. 


American schools also traditionally 
avoid military subjects and any sug- 
gestion of military training. About the 
closest they approach this is in phys- 
ical training drills and Boy Scout 
Troop activity. A military man will 
point out that it takes a professional 
soldier about a year to learn how to 
properly proceed against simple 
ground fire; another year to learn all 
the tricks of staying alive under 
mechanized and aerial unit fire; and 
a couple more years to thoroughly 
master the operation and maintenance 
of a limited assortment of weapons. 
This does not take into account com- 
plex mechanized or electronized 
“push-button” equipment. Yet we 
take farm boys and office clerks, run 
them through a few months basic 
training and optimistically hurl them 
into the flaming maw of modern war— 
while we glibly talk of “atomic” and 
“push-button” war. Similarly, we ex- 
pect untrained home-front civilians to 
intelligently face the assaults that may 
be launched against industrial centers 
and to protect both them and them- 
selves. It would seem that some sort of 
basic and elementary form of civilian 
military training should be incorpor- 
ated into the physical training pro- 
grams of our schooling systems. 


Certain psychological shortcomings 
have also cropped up in both our in- 
dustrial and military manpower dur- 
ing the last world war and in Korea. 
These might be traced back to several 
fundamental factors—animal instinct, 
home environment, schooling and the 
social and economical environment. A 
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discussion of the first item would be 
out of place here since the writer’s 
quarrel is not with Mother Nature. 


One of the big wartime production 
problems was a lack of sufficient co- 
operation between individuals and 
groups of individuals. One of the re- 
markable phenomena encountered in 
the animal world is one referred to by 
biologists as “hostile cooperation.” 
Animals of the same species will com- 
pete desperately against each other for 
food, mates and stomping grounds, yet 
band solidly together to fight off out- 
side enemies and a harsh environment. 
To some extent, this is also true of 
animals and plants of different spe- 
cies on a similar “hostile dependence” 
basis. By a ruthless process of Dar- 
winian trial-and-error elimination, a 
delicate cooperation-conflict balance 
is arrived at to the over-all benefit of 
all concerned, or the specie do not 
survive. This is a most interesting ob- 
ject lesson for industrial management 
to ponder over. Why is it, one might 
ask, that supposedly intelligent hu- 
mans cannot more often arrive at a 
similar mutual-benefit balance in their 
operations? Workers, supervisors and 
executives are in competition with 
each other for recognition, promotions 
and pay boosts, yet must not allow 
this to interfere with the team-work 
and cooperation necessary for getting 
the most accomplished with the great- 
est net benefit to the organization as 
a whole. A similar condition exists in 
the case of athletic teams. It requires 
intelligence, tact and integrity to 
draw the “what-the-traffic-will-bear” 
line here. Too many wartime individ- 
uals operated on a “hostile cooperation 
so long as you get the friendly short 
end of it” basis, with detrimental ef- 
fects upon the war effort. 


In the case of supervisory and ex- 
ecutive personnel, there was a prob- 
lem with unpredictable post-promo- 
tion behavior already mentioned in the 
case of military officers. As one highly 


capable electric shop foreman (super- 
intendent) at a Naval Shipyard once 
told the writer—“One big cross all 
executives must bear, is in not always 
being able to gauge just what a promo- 
tion might do to an otherwise appar- 
ently good man. Make him and then 
have him metamorphasize into a 
worry-wart, dictator, politician, buck- 
passer or cigar smoker and brother, 
you are stuck with him. If you turn 
around and bust him, you find your- 
self with a demoralized bum on your 
hands. Fire him upstairs to keep him 
from gumming up your works and you 
unload him on somebody else to do his 
damage elsewhere and silently adver- 
tise to all and sundry that you are the 
Blind Tom who made the stiff. You 
just can’t win if you happen to guess 
wrong. But how in Sam Hill is one 
to know, even with the assist of an 
ouija board? Human nature can be 
so confoundedly diverse that there is 
just no figuring it out sometimes.” The 
answer here seems to lie in systematic 
psychological and aptitude tests for all 
personnel moving up into supervisory 
and management ranks. The costs 
would be justified since promotional 
mistakes can be even more costly in 
the long run, even though they do not 
readily show up on hollow paper 
statistics. 


In the case of coordinators and ex- 
peditors, one occasionally ran into the 
typical politician type who would op- 
erate so as to make a $50 job out of 
a 5¢ one, entangle the job in a snarl 
of red-tape and technicalities, shout 
for more manpower to get his work 
out on a “make-seven-copies-of- 
everything” basis and then demand a 
promotion as befitting such an impos- 
ing and productive organization. (As 
one U.S. Naval officer once com- 
mented, no one ever seems to ask for 
a promotion and raise for having been 
able to get his work out with less 
men). Such tactics earned these “op- 
erators” the title of “bottle-neckers.” 
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The military were troubled even more 
by this type of personnel than were 
civilian organizations. Where planning 
and dispatching sections were con- 
cerned, politics and handshaking 
reared their tentacled heads to create 
the title of “plotting and destruction” 
departments. Such opportunitist per- 
sonnel caused a good deal of trouble 
during wartime production efforts. 
Here, wartime management must ex- 
ercise great care in picking “team” 
men for such vital positions who will 
operate with a minimum of hostility 
and a maximum of cooperation. Again, 
psychological and aptitude exams 
seem to be indicated. 


Hence the big problem in getting 
things done was not always so much 
shortages in time, materials, equip- 
ment and manpower, as much as in 
shortcomings in the manpower itself. 
And because of such self-centered and 
neurotic attitudes, others sometimes 
had to pay a tragic price for it some- 
where on a distant battle front. More 
than once after a difficult wartime 
production situation was finally un- 
snarled (which should never have 
developed in the first place if high- 
caliber personnel had been involved), 
one would ponder over the eternal 
cussedness of human nature and ask 
himself—who are we supposed to be 
fighting anyway, the remote enemy 
on a distant combat front, or ourselves 
at home? As one US. military man 
so aptly put it, we won the war not 
because of ourselves, but in spite of 
ourselves. 


The question that arises here is— 
what makes so much of our indus- 
trial personnel tick so erratically and 
inharmoniously? Part of the answer 
lies in the competitive and localized 
home and school environment. The 
child must top others on his block and 
in his class, not that he may become 
a better cog in society, but that his 
parents and teachers may sound off. 
Father must have a big car not be- 
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cause he or his family have need of 
one, but that it tops what Mr. Firth- 
quirt across the way owns. Mother 
must have the whole house redeco- 
rated not because it will make the 
family any happier, but because Mrs. 
Broadebeame next door had her front 
porch done over. Daddy doesn’t asso- 
ciate with certain men in the town 
because they are ‘common” workmen, 
have a pigment in their skin, a sweep 
to their nose, don’t belong to his 
church or lodge, or live in the “wrong” 
part of the town. The child is reared in 
an atmosphere of misdirected ego, 
localized allegiances and tribal tom- 
tom taboos. He becomes a victim of 
a psychological jungle world of out- 
siders and competitors who “don’t be- 
long,” must be “topped,” “torn down” 
or “out-foxed.” 


This is subsequently carried on in 
schools with their intense intra-mural 
and inter-scholastic competition where 
one must excel or win at all costs in 
typical “murder them bums” fashion, 
not to have accomplished something 
or played the game well, but merely 
for tne sake of winning and excelling 
on the report card and scoreboard. 
The misguided emphasis is placed up- 
on the end result and not the purpose. 
Eventually, the young adult carries 
his petty juvenile and adolescent bat- 
tle banners into his profession or trade 
to carry on his Quixotic Freudian 
crusade against a world full of his mis- 
guided competitive duplicates. Such 
an individual is psychologically mis- 
fitted for a role of “hostile coopera- 
tion” in any complex organization in 
a modern technological society on a 
“complementary interdependence” 
basis, to quote a Sylvania engineer’s 
phrase. This is true of any military, 
industrial or technical organization. 
Hence we have the situation in many 
industrial corporations where each 
section and department regards the 
other as a separate and independent 
corporation (non-productive, of 
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course), to be handled with a mini- 
mum of cooperation and a maximum 
of buck-passing and criticism. This is 
inevitable since the individual’s psy- 
chological patterns were set in his in- 
fant and juvenile years long before he 
was ready to take his adult place in 
society. 


What appears to be necessary here, 
is a reorientation of the youngster’s 
ego drive and the development of 
broader allegiances. The old Roman 
axiom of “the most good for the great- 
est majority” and the Nazareth Car- 
penter’s admonishion that “he who 
wrongs another, only wrongs himself,” 
seem like most appropriate stars along 
these youth training lines. 


Another psychological flaw found in 
our wartime civilian and military per- 
sonnel, lay in a lack of initiative and 
an inability to promptly handle emer- 
gency or usual situations. Part of this 
might be attributed to our academic 
systems where originality and non- 
conformity are frequently penalized 
and discouraged rather than fostered. 
They tend to turn out too many rou- 
tine hacks and mass-produced stereo- 
typed mentalities. The stress lies too 
much in a conformist attitude and a 
memory accumulation of routine text- 
book data, rather than in an ability 
to reason and apply factual data, or 
think along original and creative lines. 
The student is also given the impres- 
sion that what is taught him from text- 
books which were obsolete before 
their writer even finished writing 
them, are the Eternal and Universal 
Laws and Truths Of The Universe and 
nothing more is to be known or ques- 
tioned concerning them. A classic ex- 
ample of this static academic attitude 
was a provoked German mathematics 
professor’s advice to a young and un- 
conventionally thinking math student 
—“You are only wasting your time 
and mine. I advise you to drop this 
subject as you will never amount to 
anything in it!” That student is today 


recognized generally as the greatest 
mathematician of all time—Albert 
Einstein. 

Part of this conservative conformist 
academic attitude is partly due to a 
fear of radicalism of any sort, or what 
the Japanese refer to as “dangerous 
thoughts,” or American ultra-con- 
servatives call “subversive thinking.” 
Nevertheless, this mental-hack 
schooling approach turns out a scho- 
lastic product ill suited to the com- 
plexities and demands of a modern 
technological society. The crying need 
is for individuals who can think ori- 
ginally and act for themselves, both 
on the battlefield and production 
home-front, and not simply spout off 
neatly categorized textbook data by 
rote, or operate eternally according to 
the rules and regulations. 


Still another psychological flaw in 
our wartime personnel was a certain 
vulnerability to enemy propaganda. 
This can also be partially blamed up- 
on our educational system, partly for 
the above reasons and partly because 
of the slanted historical and economic 
data presented to students as so-called 
“facts” and “laws.” In comparing a 
British, German and American history 
text concerning the American Revolu- 
tion, for instance, one is left in some 
bewilderment. The reaction usually is 
—are they all talking about one and 
the same war, or are history books the 
products of propaganda mills? When 
2. war-torn combat man or worried in- 
dustrial worker with a close relative 
at the front is exposed to enemy pro- 
paganda which informs him of some 
disconcertingly detailed and consistent 
historical and economic data sans the 
usual coat of academic varnish, he may 
become a bit bewildered and demor- 
alized. In fact, he may go so far in his 
disillusionment as to actually turn 
himself over to the enemy in his war- 
strained emotional state. This has oc- 
cured many times in U.S. atomic 
plants during the second World War 
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and at the Korean battlefronts. Hence 
instead of stemming “subversion” and 
“disloyalty” by resorting to slanted 
and fictionized history and economics, 
the over-cautious “professional pat- 
riots” neatly play right into the Com- 
munists hands. For no falsehood is 
more damaging than a half-truth, for 
it will be believed. 


Such tactics also tend to create a 
cynical and disillusioned type of 
youngster who soon enough begins to 
lose faith in everything in general with 
a typically morbid, post-war, “lost 
generation,” teen-age attitude of 
“everything’s a lousy racket and a big 
con and we're the big suckers what’s 
being took.” Such psychological mate- 
rial is something less than ideal mate- 
rial for any type of organization. What 
seems to be in order, is a general 
housecleaning of our outdated and in- 
accurate school texts. As the old con 
man’s axiom goes—“You can’t take an 
honest man.” Just so, one cannot easi- 
ly delude or demoralize a man armed 
with solid facts and taught to think 
for himself. When war comes, it is 
far better to have balky, intelligent 
and spunky thoroughbreds on hand 
than submissive, misguided and pan- 
icky sheep. 


One of the big industrial personnel 
problems during the war was caused 
not only by the sudden jump in the 
wartime manpower forces, but also in 
the wider array of personnel types 
that makes its appearance on a sta- 
tistical probability basis. Alongside 
the familiar industrial worker types, 
appear the worried housewife with a 
man at the war front, retired business 
man, war-displaced small business 
man, ex-prizefighter, showgirl, musi- 
cian, model, artists, etc., all more or 
less intent to do their war bit. Along 
with these, come a small percentage 
of assorted shady characters from the 
criminal world. During a wartime 
emergency, there is not enough time 
to thoroughly check on all personnel 
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before hiring, nor is it any time to get 
too fussy about personnel standards. 
The net result is a kaleidoscopic cross- 
section of all humanity itself which 
was most interesting and instructive 
to observe at first hand. 


Educational though this situation 
might have been, it produced an al- 
most unmanagable supervisory prob- 
lem at times. The usual personnel 
regulations effective enough during a 
normal peacetime period simply broke 
down when attempting to handle cer- 
tain wartime types of people, parti- 
cularily when manpower shortages 
and regulations tied them down to 
their jobs, and the pressing time short- 
age problem hog-tied supervision. 
The net result was that supervision 
found itself harassed and quagmaired 
by a small breed of phonies and dead- 
beats and entangled in a morass of 
petty technicalities deftly woven by 
those who had spent most of their 
shady lives expertly finding loopholes 
and the easy way out. This exposed 
supervision to “lost face,” loss of dis- 
cipline, lowered production, wasted 
time and unnecessary mental punish- 
ment. This was particularly true of 
governmental and military establish- 
ments with their legal and red-tape 
technicalities. 


Management must loosen up red- 
tape and give supervisors more effec- 
tive control over such personnel dur- 
ing wartime if it is to operate at full 
efficiency. In particular, the wartime 
manpower freeze must be thawed out 
enough to allow immediate dismissal 
of objectionable personnel on justifi- 
able grounds. To hold such obnoxious 
individuals on the grounds that dur- 
ing wartime every bit of manpower 
helps, no matter how shoddy, is an 
obvious fallacy. In the long run, it 
would have been cheaper to pay such 
help a weekly salary and send them 
home where at least they couldn’t do 
any damage to production out of all 
proportion to their number. The psy- 
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chological effect upon such people of 
an enforced job freeze was much like 
informing criminals that they could 
not be taken away to prison—with 
obvious consequences. 


A sort of post-mortem personnel 
problem arose at the close of the war 
in the case of long-term employees. 
During the war, most of the warplant 
workers who had been employed there 
prior to the war, were of necessity 
frozen in their jobs by the War Man- 
power Act, even in spite of military 
service volunteer offers by some of 
them. If the war worker attempted 
to quit his job to enlist, he could not 
be accepted by any of the services 
without a 1A classification. If he were 
a government employee, he was also 
informed that if he refused to go back 
to his job, he would be dismissed with 
a dishonorable discharge for dis- 
obeying wartime regulations and 
would lose all his civil service rights. 
When the war was almost over, the 
GI Bill of Rights was passed to take 
care of the war veterans. Many civil 
service workers then found them- 
selves ousted from their jobs, some- 
times after 20 or 30 years service. The 


ironical part of all this, was the fact 
that some of the civilians had at- 
tempted to enlist and others had to. 
work in military danger areas, while 
many of the so-called “veterans” who 
displaced them were draftees with 
only a few months home-base train- 
ing and were what combat veterans 
sarcastically referred to as “cabaret 
commandos” and “boot camp night- 
fighters.” This created a personnel 
problem and serious loss of morale 
at many governmental establishments 
and caused a rash of resignations of 
highly specialized and heavily experi- 
enced personnel. The damage done 
here was considerable. 


It appears that our lawmakers 
might look into this knotty govern- 
mental personnel problem a bit deeper 
and set up more equitable rulings in 
balancing up military vs. civilian serv- 
ice point ratings. While combat veter- 
ans must unquestionably come first, 
by the same token, for a 3-month boot- 
camp trainee to displace a man who 
had spent 33 years of his life helping 
to build warships for his country, 
seems like carrying wartime patri- 
otism just a bit out of bounds. 


A LOOK INTO THE FUTURE 


Thinking people all over the world, 
especially those who have had any 
direct connection with the last two 
wars, wistfully hope for a better kind 
of a world for their offspring than the 
troubled one they knew. But the re- 
cent trend in world events makes such 
a wish a rather forlorn one. Harsh 
and unpleasant though the facts may 
be, they must nevertheless be square- 
ly faced. In the streets of Berlin, in the 
mountains of Greece and Korea and 
along the propaganda lanes of the 
globe, the opening battles of World 
War III have already been fought! 


The Communist game is a fairly 
obvious one and consists of rough- 


neck bullying, accusing, stalling, con- 
fusing, dividing and “Spanish War- 
ring” about the globe so as to system- 
atically bleed down the democracies 
and divide them, while they build up 
their material resources and indus- 
trial potential to match our own. Then 
and only then will they risk a strike 
—and one which will come suddenly 
and without warning. The Commu- 
nists do not intend to make the same 
mistake made twice by the Germans 
and once by the Japanese. They now 
know that to win a major war, it is 
necessary to first knock out the 
enemy’s industrial potential as well as 
its outermost military bases. 
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The spectre of a tragic December 
Sunday in 1941 prophetically points 
to the possibility of a shocked and 
dazed democratic world awakening 
some explosive night within the next 
10 years to find dozens of its major 
industrial cities pin-point paralyzed 
and flaming at their industrial, trans- 
port, communications and research 
centers, with dozens of suicide Red 
paratrooper divisions swarming over 
them to complete the disorganization 
and demoralization job while the gi- 
gantic Red Bear gathers himself for 
his lumbering assaults. The historic 
precedents have already been set and 
it requires no particular prophetic 
genius to plot a dotted extrapolation 
curve into the near future. 


One of the lessons taught by a study 
of the effects of the costly and waste- 
ful Allied serial bombardment as- 
saults against German industrial cities, 
and subsequent German countermeas- 
ures; and the scattered and smothering 
decentralized-guerrilla Russian de- 
fense tactics against the too-swiftly- 
advancing Germans who found them- 
selves small men swinging their clen- 
ched fists in big rooms full of feathers, 
is the necessity for spreading out U.S. 
industry evenly over some 6 million 
miles of territory. This is to better 
absorb a possible initial surprise as- 
sault; eliminating the possibility of a 
“haymaker” knockout blow such as 
has been brought within the realm of 
possibility by the new, highly over- 
overly costly nuclear-fission missiles; 
and to prevent the temporary crippling 
of any one vital war industry. This 
has been accomplished to some extent, 
quietly and slowly, since the close of 
World War II. 


In planning and preparing for what 
now appears to be the inevitable, 
American industry must cut itself free 
from the time-delay red-tape shackles 
of a normal peacetime economy. A 
nation’s survival in another world war 
lies not so much in heavy rearmament 


and perpetual vigilance, as in the abil- 
ity to absorb a smashing military sur- 
prise thrust, recoil swiftly and strike 
back with even greater speed and 
paralyzing power. Its science and in- 
dustry must not only be capable of 
recovering quickly, but also convert- 
ing to war, expanding swiftly and 
producing immediately in torrential 
volume. The key to survival lies not 
in “No. 1 armies, navies and air forces,” 
but in crushing retaliation. This is the 
one and only factor which will ever 
deter the Communists from open mili- 
tary aggression against the democra- 
cies when their industry fully recovers 
from the wholesale destruction un- 
leashed upon it both by the advancing 
Germans and the retreating “scorched 
earth” Russians. 


As more than one military profes- 
sional has pointed out in recent years, 
the U.S. now stands in greater peril 
than in the dark days of the fall of 
1941 when Britain teetered on the 
edge of the dark precipice and all that 
stood between a bomb-shattered Lon- 
don and the exhausted German panzer 
divisions at Dunkirk were 20 miles of 
water, Allied seapower and a battered 
handful of magnificent RAF pilots. 
However, the military men have dif- 
fered as to just where our real danger 
and greatest weakness lie, depending 
upon their service affiliations. 


Perhaps the answer to this can be 
found in Gibbon’s penetrating analysis 
of the causes for the disintegration and 
collapse of the spectacular Roman 
Empire. For as it has so often been 
said before—the past is prologue to 
the future. Our menace lies not in an 
inadequate multi-million-dollar radar 
“fence” which can be RCM and RCCM 
countermeasured into near-total use- 
lessness; nor in inadequate fleets of 
bankruptcy-priced planes which can 
be blasted from the skies with guided 
rockets and radar-fuzed shells; nor in 
insufficient armament and _ fortifica- 
tions which can be precisely nullified 
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by a minutely “loophole” planned 
sneak thrust and by newer enemy 
weapon designs. The big chink in 
American armor is the same which 
has brought about the downfall of 
other great civilizations in the past— 
a growing moral and physical decay. 


As one governmental official recent- 
ly commented, we live in a paper 
dreamworld of false paper values, in- 
flated paper money and slanted paper 
statistics and have failed to squarely 
face the harsh realities of cold fact. 
In the deterioration of the marriage 
and home ties, the rise in dope addic- 
tion and sex perversion, the blatant 
corruption in government and politics, 
the psychotic driving pursuit of mone- 
tary gain, the unethical tactics in 
business and the growth of juvenile 
delinquency (adult negligence), we 
see the danger signs of weakening 
cracks in an imposing and massive 
structure. But most alarming of all 
perhaps, is the hypocrytical, cynical 
and unconcerned attitude toward our 
wholesale backslide into moral decad- 


ance. 


Part of this can be blamed upon cer- 
tain segments of American leadership 
which has failed us in setting a cor- 
rupt example and in stressing false 
values. Most all of us adults have self- 
centeredly and short-sightedly failed 
our unguided and goalless youth. As 
they say in the Navy—a good skipper 
and a good ship and a good crew. In 
Gibbon’s historical classic and in a 
Frenchman’s “The Gravediggers of 
France,” are graphically portrayed the 
blind folly, treachery and national 
suicide that is born of greed, corrup- 
tion and vice. The American grave- 
diggers who did not dig quite deeply 
enough at Pearl Harbor, are busily 
excavating again today for another try. 
As the Reds themselves have stated, 


they need not extend themselves or 
risk an open conflict to defeat us, 
necessarily, for by properly maneu- 
vering against our weaknesses, we can 
be jockeyed into defeating ourselves. 


Our big problem then, both military 
and industrial, is buried not so much 
in insufficient material, machines and 
time, as in our inadequate human re- 
sources. As one Russian Army general 
told a group of his officers a few years 
ago—“The next war will be won not 
by machines, but by men—not by 
atom bombs, but by morale!” Starkly 
realistic and prophetic words from one 
who had helped stave off one of the 
most powerful and efficient military 
machines ever launched into war— 
words which he may yet live to see 


To bolster our human and industrial 
potentials, not only must American in- 
dustry decentralize, streamline, be- 
come more elastic and “hard-core 
nucleize” to allow for explosive war- 
time expansion, but must also press to 
revitalize our archiac academic sys- 
tems to train and develop the kind of 
men and women that a future “abso- 
lute” technological war will require. 
What will be needed, will be humans 
with initiative, stamina, courage and 
self-reliance who morally, psychologi- 
cally and physically match our intel- 
lectual and technological advances. 


But above all, as one U.S. Army of- 
ficer recently pointed out in discussing 
liaison officer requirements, men with 
a selfless and rock-bound integrity 
will be needed. If we cannot find 
enough of such men, as was the case 
in World War II, then we had better 
go about growing and developing 
some. For the trying time may not be 
too far off when we shall be badly in 
need of them. 
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In recent years the temperature at 
which power stations operate has risen 
to such an extent that not only have 
special alloy steels to be used for the 
pipework, but it is no longer possible 
to close one’s eyes to the fact that 
creep, even with these alloy steels, 
will be taking place to an appreciable 
extent during the life of the station. 
Many theories have been put forward 
for the basis on which the stresses, 
and hence the required thickness, of 
steam pipework should be calculated 
under these conditions. Some of these, 
however, are contradictory and all of 
them are based on assumptions regard- 
ing the creep behavior of steels of 
which the true facts in some cases are 
only now being laboriously deter- 
mined. The main difficulty in determin- 
ing the creep properties of steels is 
that the tests, to be of any real value, 
take a fantastically long time. It may 
well not be possible to forecast how 
a steel will behave for 10 years under 
certain temperature and stress condi- 
tions without, in fact, subjecting it to 
such conditions for 10 years. This has 
led to even further assumptions re- 
garding the expected long-time be- 


havior of a steel deduced from rela- 
tively short-time creep tests. 


The problem is very different from 
that facing the designer of jet engines, 
for example, which also require creep- 
resisting steel. Such engines have a 
much shorter life than steam power 
plant, a few thousand hours being all 
that is required. Consequently, the 
materials for them can be tested at 
working stress and working tempera- 
ture, and the results obtained from 
tests of one or two thousand hours’ 
duration will give all the information 
required for subsequent design. Un- 
fortunately, users of steam pipes can- 
not wait the corresponding length of 
time for their test results, or even for 
vhe final assessment to be made of the 
mass of information already available. 
They must design their steam pipes 
here and now for the projected high- 
temperature power stations to be 
erected in the next few years. It re- 
mains, therefore, to consider now some 
rational basis for such design, and it 
is suggested that until very consider- 
ably more is known regarding the 
materials and their long-time be- 
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havior, the following method based on 
a rational development from first prin- 
ciples may well provide a reliable 
basis for design requirements for some 
years to come. 


First, consider the basis at present 
used for power stations using mild- 
steel pipes at temperatures up to 900 
deg. F., namely, British Standard 806. 
At low temperatures the stress in a 
pipe under internal pressure is given 
to a sufficient degree of accuracy by 
the use of Barlow’s formula, namely: 

PD 


2t 

where P= internal pressure; D= 
outside diameter; and t = thickness. 
This assumes that elastic conditions 
apply and B.S. 806 assumes that the 
stresses employed, at any rate up to 
about 850 deg. F., are sufficiently low 
to prevent any appreciable creep tak- 
ing place. It is customary to add a 
small constant thickness to the value 
obtained from Barlow’s formula (for 
example, 0.04 in.). The thickness ob- 
tained by such a formula in any case 
will have to have added to it allow- 
ances to cover commercial tolerances, 
but for the purpose of discussion here, 
this need not be given further con- 
sideration, since it will apply what- 
ever the method of obtaining the. cal- 
culated minimum thickness. B.S. 806 
has proved a satisfactory guide to the 
required thickness for steam pipes in 
mild steel but does not, as yet, ex- 
tend to temperatures such as 1,050 deg. 
F., for the power stations which are 
now under construction. 


When a steel is subjected to a stress 
at high temperature so that it creeps 
appreciably, the distribution of stress 
which was present under the initial 
elastic conditions becomes modified, 
the stresses tending to equalize them- 
selves, provided that the material is 
sufficiently ductile for such equaliza- 
tion to take place without fracture. 
Not all high-temperature steels are, in 


fact, sufficiently ductile, some ferritic 
steels, and perhaps others, permitting 
only a small amount of elongation to 
take place before fracture occurs. Such 
steels are unsuitable for high-tem- 
perature service, and the following 
assumes that sufficiently ductile steels, 
say those capable of extending at least 
10 per cent. before fracture, are em- 
ployed. In the initial elastic condition 
the stresses in the wall of a pipe under 
internal pressure consist of a hoop ten- 
sile stress which is a maximum on the 
inside surface and a minimum on the 
outside, a longitudinal tensile stress 
substantially uniform across the thick- 
nes of the pipe, and a radial compres- 
sive stress which is a maximum on the 
inside wall and zero at the outside. 
There are many theories as to the 
method of combining these stresses, 
but none is universally accepted. The 
difference between them, however, is 
not great, and as previously men- 
tioned, a close approximation to the 
combined stress under these condi- 
tions is provided by Barlow’s formula. 


As soon as creep starts, however, 
there will be a tendency for the hoop 
stress to equalize itself across the 
thickness and to become equal to the 


Pd 
thin cylinder stress ——, where d = 
2t 
bore. There is no need to be seriously 
concerned with theories which pur- 
port to determine the combined stress 
under creep conditions, since in fact 
the amount of creep depends upon the 
stress raised to such a high power that 
virtually all the creep will take place 
in the direction of the major stress. A 
typical example in the case of pipe- 
work under internal pressure would 
be that the creep in the circumferential 
direction (due to the hoop stress) 
might be 30 or 40 times as great as 
that longitudinally. It is even stated 
by some writers that no longitudinal 
creep takes place at all. Under creep 
conditions, therefore, when consider- 


322 


- 


Wwe 


e 


CALCULATION OF THE THICKNESS OF HIGH-TEMPERATURE STEAM PIPES { 


ing strength under internal pressure, 
only hoop stress need be taken into 
account. Thus, at the beginning of the 
life of the pipe the stress will be that 
given by the Barlow formula and at 
the end of its life, after creep, the 
stress will be that given by the thin 
cylinder formula. It remains to deter- 
mine how much of the life of the pipe 
occurs before the Barlow stress has 
been reduced substantially to the thin- 
cylinder stress. 


Equalization of stress requires only 
a small fraction of 1 per cent. exten- 
sion, and on the usually assumed basis 
of 1 or more per cent. extension in the 
life of the pipe, such equalization time 
must represent only a small part of 
the total life. For the effective average 
stress during the life to be even a few 
per cent. above the thin-cylinder 
stress it would be necessary for the 
equalization time to be as long as a 
quarter of the life of the pipe, depend- 
ing among other things upon the t/D 
ratio of the pipe concerned. It is sug- 
gested that a difference of a few per 
cent. is so small as not to warrant any 
departure from the  thin-cylinder 
formula, and, in fact, this equalization 
is likely to be effectively complete 
quite early in the life of the plant. For 
such pipes, known to creep appreci- 
ably during their life, therefore, the 
thin-cylinder formula should form the 
basis for thickness calculation. 


The next question is the stress which 
should be used in this formula. It has 
been customary, in the past, to con- 
sider as excessive any stresses which 
cause more than, say, 1 per cent, ex- 
tension in 100,000 hours, and it is gen- 
erally considered reasonable to make 
such stresses the limit, provided that 
they do not at the same time approach 
too closely the stress to cause rupture 
in 100,000 hours. This idea that a defi- 
nite percentage of creep is detrimental 
has arisen from cases in which dimen- 
sional stability is important. For ex- 
ample, bolted connections may only be 


permitted a very small amount of 
relaxation. It does not, however, apply 
to pipework in which relatively large 
dimensional changes, say 2 or 3 per 
cent. in 25 years, would not be serious 
provided that fracture of the material 
did not occur. It is, in fact, failure 
rather than dimensional change which 
is the important point in pipework and 
it is suggested that the basis for de- 
sign stresses should be the creep rup- 
ture strength of the material. This is 
known with some degree of accuracy 
for many of the steels involved, but it 
is important to base calculations on 
true minimum values. 


It is usually assumed that 100,000 
hours is a suitable life for estimating 
the stress to cause rupture. Hardly 
any tests have been carried out for 
such a length of time (11.3 years), 
and even these few only represent 
about half the expected life of power- 
station pipework. Extrapolation to 
100,000 hours is difficult enough, but 
it is even more difficult to extrapolate 
beyond this point. Nevertheless, in the 
absence of actual test results, such 
extrapolation must be made. If it were 
known that, at a given stress, failure 
would occur exactly in 25 years, such 
a stress might be used in the formula, 
but obviously there is no such cer- 
tainty and some factor of safety on this 
life must be allowed. There seems evi- 
dence that a stress of 80 per cent. of 
that which causes rupture in 100,000 
hours would not cause rupture until 
about 300,000 hours, but a further. fac- 
tor of safety should be allowed on this 
80 per cent. stress, and it is suggested 
that 60 per cent. of the best estimate 
of the minimum stress to cause rup- 
ture in 100,000 hours be used as a 
basis. This is not greatly different from 
the basis which the American Boiler 
Code uses for the high-temperature 
end of its stress curves. This percent- 
age of the creep rupture stress is ad- 
mittedly only an estimate, but it is 
hoped that it is also an intelligent esti- 
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mate. With such a stress, even if it 
should prove that the stress-rupture 
relationship has been slightly over- 
estimated owing to insufficient data, it 
seems unlikely that any actual failure 
would occur in the life of the pipework, 
though there will, of course, be an in- 
crease in the diameter of the pipe. In 
the case of each steel under considera- 
tion, it would be necessary to check 
that this did not involve excessive de- 
formation for the purpose for which 
the pipe is to be used. There would, 
however, be no significant alteration 
to its length. 


The addition of the constant 0.04 in. 
(in B.S. 806), in the past, has been 
opposed by some who contend that, in 
fact, there is no corrosion in mild-steel 
steam pipes, quite negligible erosion, 
and nothing else which causes wastage 
of the pipe. In the case of ferritic steels 
at temperatures up to 1,050 deg. F., 
however, scaling is a factor which 
must be taken into consideration, and 
although the data are somewhat 
scanty, it seems probable that no al- 
lowance need be made at temperatures 
below 1,000 deg. F., though a constant 
may have to be introduced for higher 
temperatures. 


In the case of mild steel, since it 
may be used at any temperature be- 
tween room temperature and° the 
maximum for which it is permissible 
(900 deg. F.), stresses for all inter- 
mediate temperatures must be laid 
down and are, in fact, so laid down in 
B.S. 806. It is unnecessary, however, 
to lay down stresses at all tempera- 
tures for the higher-temperature 
steels, since, in fact, they are not used 
at the temperatures between, room 
temperature and some quite high value 
depending upon economic considera- 
tions. As far as the low-temperature 
end is concerned, however, it is neces- 
sary to have some permissible stress 
at room temperature, since calcula- 
tions of cold pull stresses in pipework 
need to take such temperatures into 


account. No difficulty is involved here, 
since the customary value of a quarter 
of the tensile strength at room tem- 
perature is a satisfactory basis. What 
can be considered suitable tempera- 
ture ranges for different materials are 
given in Table I. These ranges are not 


TABLE I. 
Temperature Range Material 
Up to 900 deg. F | Mild steel. 
850 deg. F. to Ferritic steels having 1 per 
975 deg. F. cent, chromium content, 
with molybdenum and 
other additions. 
950 deg. F. to Ferritic steels having 2 to 
1,050 deg. F. per cent, chromium, 
with molybdenum and 
other additions. 
1,050 deg. F. to Austenitic steels. 
1,200 deg. F. 


very clear cut and may overlap some- 

what more both upwards and down- 

wards, but the last two ranges un- 

doubtedly involve appreciable creep 

~ should be calculated on the above 
is. 


The proposals contained in this ar- 
ticle may be summarized as follows: 


(a) A new formula and new stresses 
are required for pipes which creep ap- 
preciably during their working life. 


(b) Owing to the relatively rapid 
equalization of stress across the thick- 
ness of the pipe, the stress falls from 
that given by Barlow’s formula for 
elastic conditions to that given by the 
thin-cylinder formula. 


(c) The proportion of the total life 
of such steam pipework which is spent 
under the higher Barlow’s stresses is 
so small that, in fact, the thin-cylinder 
stresses can be used as representative 
stresses throughout the whole life of 
the pipework. 


(d) Since, within limits, appreciable 
creep can be permitted to occur in a 
pipe, it is the stress-rupture condition 
which is all-important in the life of 
the pipework. 


(e) It is essential that the steel used 
shall show appreciable elongation be- 
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fore rupture takes place under very 
long-time test conditions. 


(f) In the case of ferritic steels at 
temperatures from 1,000 deg. to 1,050 
deg. F. some allowance must be made 
for scaling. 


(g) The minimum thickness should 
be derived from the following equa- 
tion which is, in fact, the thin-cylinder 
formula: 


PD 
2(8+P) 
where P = pressure; D = outside di- 
ameter; and S = permissible stress 


(60 per cent. of the minimum to cause 
rupture in 100,000 hours at the design 
temperature). For ferritic steels at 
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temperatures over 1,000 deg. F. a small 
constant addition must be made to the 
value of “t” to allow for scaling. 


It must be remembered that the 
final question regarding the use of all 
these suggestions and formule is “Are 
the resultant tubes of the right thick- 
ness?” The answer to this is not simple, 
since so few data on the actual use of 
these materials are available. What 
little information there is comes large- 
ly from the United States where these 
materials have been in use for some 
years. It is interesting to note, there- 
fore, that thicknesses obtained by the 
methods outlined above are not great- 
ly different from those which have 
given satisfactory service in that coun- 
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Tue author, who is in charge of the 
re-organization of the shipyard of the 
Koninklijke Maatschappij “de Schel- 
de” Limited, at Flushing, Netherlands, 
has appreciated the possibilities of in- 
creased production that could be 
gained by applying the optical method 
in his plans for the lay-out of the new 
yard. He has called the method 
“Optaf,” an abbreviation of the Dutch 
words “Optisch afschrijven,” which 
means ‘optical marking-off.” An im- 
portant product in shipbuilding is the 
steel hull, forming the base for all in- 
stallations and fitting-out and eventu- 
ally being finished as a complete ship. 
Depending upon the type of ship the 
work on the steel hull is a more or less 
important part of the total labor in- 
volved. Certainly the building berths 
for the steelhulls require large invest- 
ment and occupy the largest area of 
the total yard. It must therefore be 
important to save space and cost on 
this side of the business. 


The steel hull consists of smaller 
parts built up of plates and sections 


which are either riveted or welded to- 
gether. In welded ships these parts are 
assembled in the welding sheds and 
the thousands of plates and sections 
and other small parts must be ma- 
chined in the platers’ shops. In most 
yards all plates and sections must be 
marked-off accurately before they are 
machined and given their eventual 
form by burning, shearing, planing, 
bending, pressing, etc. This marking- 
off must be done by platers of high 
skill. They normally occupy a con- 
siderable area in the plater’s shop for 
their marking-off tables. In several 
countries it is difficult to get the high- 
ly-skilled workmen for this type of 
work, and it is of great importance to 
look for methods that diminish the ex- 
pensive labor involved in marking-off. 


During the last world war such a 
method was developed by Mr. Joh. 
Kriepke at the yard of Schichau, Elb- 
ing, Germany, in close co-operation 
with the optical works of Dr. Béger 
at Hamburg. The application in the 
yard to building destroyers showed 
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remarkable results. After the war the 
method was improved, and about 1949 
it was introduced in one yard in Ger- 
many, one yard in Belgium and one 
yard in Sweden. After 1949 the ap- 
paratus was slightly improved and at 


present several yards are using it. 
The camera and projecting apparatus 
are fabricated by the two German 
firms “Lumoprint Boger K.G.” and 
“Gesellschaft fiir Anzeichen Gerate” 
(G.A.G.), both at Hamburg. 


THE USUAL MARKING-OFF METHOD 


To show clearly the advantages it is 
necessary to give a description of the 
usual method in shipyards. After hav- 
ing obtained an order for the building 
of a ship two important things must 
be done. Firstly, making designs and 
working drawings; secondly, ordering 
all necessary materials. With regard 
to the new marking-off method the 
working drawings for the steel hull 
and the steel specification are of im- 
portance. After finishing the design of 
the lines, all measurements are taken 
from it and put in a list for the fore 
and aft parts of the ship. All parti- 
culars are thus collected for the use 
of the workmen who prepare the 
scrive-board in the yard on which all 
lines are drawn to full scale. Not only 
the form of the frames, but also parti- 
culars of form and dimensions of 
seams, situation of butts for welding 
or riveting, double bottom, margin 
plates, deck stringers, bilge keel, etc., 
are drawn on the scrive-board. Small 
errors in the measurements from the 
body lines plan drawing are eliminated 
by fairing longitudinal sections full 
size. 


OPTICAL METHOD OF 


The optical method depends upon 
the vertical projection of the lines on 
the plate from a projector placed in the 
roof of the platers’ shop. These lines 
are on a lantern slide of 3:54 in. by 
4:74 in. in the projector. The lantern 
slide is a photograph on a glass nega- 
tive of a 1:10 or 1:5 scale drawing of 


From this body plan on the scrive- 
board all necessary dimensions and 
particulars can be taken for giving the 
correct shape to plates and sections. 
All the working drawings of the steel 
hull must be delivered to the work- 
shops. The principal drawings are shell 
plating, double bottoms, bulkheads, 
decks and superstructures. These 
drawings do not give in detail the 
measurements for all smaller parts, 
ie., plates and sections, but they are 
more or less schemes with a descrip- 
tion of the fabrication. The platers 
must read this scheme and take the 
actual measurements from the scrive- 
board. Normal practice is that highly 
skilled workmen make full-scale 
molds of wood, thin strip-iron or thick 
oil-paper for the templates or patterns. 
Usually other skilled workmen use 
these molds and mark the plates. As 
these templates are full scale, a lot of 
space, material and man-power must 
be used. The work on the large plates 
cannot be done by one man, and ap- 
prentices are added to the platers. 


MARKING-OFF PLATES 


the plate. The scale depends upon the 
size of the ship. These drawings are 
thus the 1:10 or 1:5 scale molds. 
Photographed to scale 1:10 they form 
glass slides which can be easily stored 
and eventually duplicated. These 
“glass molds” are about scale 1 : 100 for 
linear and scale 1:10,000 for area 
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measurement. The actual tracing of 
the projected lines on the plate does 
not require great skill and may be 


DRAWING 


For a shipyard employing, say, 1,000 
men, the number of draftsmen in the 
drawing office for optical marking-off 
is 6 to 8. Normally, they are the young- 
er but experienced men from the 
former mold-loft and some highly 
skilled platers. A re-education of a 
few months is sufficient to teach them 
the special drawing technique and to 
accustom them to the psychological 
and physical circumstances which dif- 
fer from their former surroundings. 
One foreman of the mold-loft may be 
appointed leader of the team. Prin- 
cipally the same work is done as form- 
erly in the mold-loft, but on a smaller 
scale with fine drawing methods and 
the greatest accuracy. The small 
scrive-board is of plywood coated with 
filling and painted dead white or light 
green. Sometimes painted aluminum 
plate of 0.06 in. thickness is used. A 
few shipyards use drawing paper of 
special quality, pasted on an alumin- 
um plate. The boards are divided into 
one foreship and one aftership part. 
The dimensions depend upon the ship 
dimensions. For bigger ships and scale 
1:10 two boards of, say, 6 ft. 6 in. by 
4 ft. are used for one ship. 


An advantage is that a series of such 
scrive-boards may take several ships 
and occupy only a small space, where- 
as in the old mold-loft sometimes the 
body plans of two or three ships were 
traced over each other for lack of floor 
space. The lines are faired on a larger 
table of about 10 ft. by 5 ft. This table 
replaces the former mold-loft floor. 
The frame lines on the scrive-boards 
have a thickness of about 0.004 in. 
when drawn to scale 1:10 and of about 


done by unskilled men under super- 
vision of one experienced man. 


OFFICE 


0.008 in. when drawn to scale 1:5. 


The draftsmen use special tools and 
wear a pair of magnifying glasses fitted 
so that they can look through the 
glasses or along the underside of them. 
The former wooden templates are now 
replaced by drawings to scale 1:10 or 
1:5. They are drawn on high-quality 
drawing-paper or, better, on Koda- 
trace drawing-film. All marks former- 
ly traced on the templates and steel 
plates are taken up in the drawings. 
Mostly small rubber stamps are used 
for the marks and the characters. Port 
and starboard plates are drawn on one 
side only. The normal and reversed 
writing can be done by special stencils. 
For shell plates, deck plates, bulkhead 
plates, etc., two different methods may 
be used: (a) drawing all plates sepa- 
rately; (b) drawing several plates to- 
gether, i.e., parts of decks, shell plat- 
ing, or complete bulkheads. In the first 
case all plates are photographed from 
the different drawings. In the second 
case all plates are photographed one 
by one from one drawing. The last 
method has the advantage that all 
marks for rivets in seams and butts of 
the adjoining plates fit exactly. Slight 
mistakes in the spacing of the rivets 
are thus projected on both adjoining 
plates. Both sides of the drawings are 
photographed. It is not possible to re- 
verse the slide. The thickness of the 
glass causes a remarkable aberration 
when projecting the image. It is obvi- 
ous that slight shrinkage of the paper 
and film drawings caused by chang- 
ing atmospheric conditions in the 
drawing office will result in consider- 
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able errors in the projected plate. 
Slight deformation of the emulsion on 
the glass negative will probably occur. 


A very simple solution will ensure a 
proper marking-off and guarantee the 
necessary accuracy. 


ADJUSTING MARKS 


These marks are indispensable in 
the optical tracing system. When start- 
ing the drawing these marks are laid 
down first. Immediately after them the 
outlines of the figure are drawn. Af- 
ter these precautions a slight deforma- 
tion in the paper has no influence on 
the accuracy of the full-scale project- 
ed image and of the finished plate. The 
spacing of the adjusting marks is 5 
or 10 cm., corresponding with 50 or 100 


cm. on full scale. When projecting the 
lines on the plate these marks are 
brought in line with the marks on a © 
steel or copper gage. By using special 
gages when preparing the drawings it 
is possible to deal with the expected 
shrinkage of the plates caused by the 
welding of stiffeners. After being 
finished the drawings are photo- 
graphed. 


OPTICAL MARKING-OFF EQUIPMENT 


The marking-off apparatus consists 
of a projector incorporating a power- 
ful are lamp or mercury-vapor lamp. 
The projector is rigidly mounted in 
the roof of the platers’ shop above the 
marking-off table. The height of the 
fixing point above the surface of the 
marking-off table depends upon the 
maximum dimensions of the plate. A 
special set of lenses enlarges the im- 
age from 75 to 100 times, thus project- 
ing the image without distortion on 
the plate. The projector is adjusted 
for definition during assembly and 
once adjusted requires no further at- 
tention. It is possible to move the set 
of lenses with the negative case up and 
down within a range of 20 in. This 
permits compensation for differences 
in plate thicknesses and the adjust- 
ment of the image on the plate to the 
exact marks by comparison with the 
gage. The negative holder can be 
moved horizontally in two directions 
and can also be turned in its own 
plane. All these movements are ef- 
fected by the man at the marking-off 
table by means of an automatic push- 
button system. 


The are lamp is provided with an 
automatic carbon feed. A concave 
mirror behind the arc and another 
mirror reflecting the light beam down- 
wards, as well as a double condenser, 
produce an equally distributed light 
on the table. The heat intensity of the 
beam is very high and it is neces- 
sary to cool the condenser, the nega- 
tive holder and the optical elements 
by compressed air. The light intensity 
of the projected image is such that it 
is possible to work without completely 
darkening the marking-off space. 

The newest developments are fitted 
to the apparatus delivered to the au- 
thor’s firm. The two projectors were 
supplied by the Gesellschaft fiir An- 
zeichen Gerate, at Hamburg, and are 
fitted with high-pressure water-cooled 
mercury-vapor lamps. In addition, the 
negative holders can take a set of 
negatives which can be turned from 
below. With this equipment it is not 
necessary to have a man permanently 
in the projector cabin on the roof. The 
older arc lamps require a man con- 
stantly attending to the apparatus and 
replacing the carbons. All control can 
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thus be done from below by remote 
control. Only for filling the negative 
case is it necessary for a man to ascend 
two or three times a day. Aberrations 
inherent in lenses of optical systems 
are reduced to acceptable proportions 
by perfection of manufacture. The ac- 


ceptable minimum, however, renders 
it necessary to have a slight camber 
in the marking table. This camber is 
about 1:5 in. in a length of 10 m. and 
is adjusted for definition during as- 
sembly. 


MARKING-OFF PLATES 


The projected lines have a thickness 
of 1.0 to 15 mm. and are rather 
sharp. The plater who marks the plate 
has no difficulty with his own shadow 
after short practice. The marking-off 
can easily be done by unskilled labor- 


ers. The men use a hammer and cent- 
er-punch, while instructions and other 
marks are written with white paint. 
After the marking of the plates normal 
production follows and is practically 
uninfluenced by the method. 


BENDING FRAMES 


It is not possible to project the lines 
of frame curvatures on the bending 
slab as this is flat and a slight camber 
should be necessary. Normal practice 
is that series of frames are drawn to- 
gether and, by projecting them, molds 
are made for use on the bending slab 
and for marking. A few shipyards still 


use a scrive-board near the bending 
slab on which the body plan or part 
of it is transferred. Most yards use 
their own method for applying the 
optical marking system in the prepar- 
ing of frames, and in this branch new 


developments may be expected. 


ADVANTAGES OF SYSTEM 


The preparation of drawings re- 
quires less time than the preparation 
of mold-loft work and the production 
of templates in the mold-loft. The ac- 
curacy of the drawings is greater than 
that of the wooden templates. The 
draftsmen work in a quiet and clean 
room, and have a better general view 
of the small drawings than of more or 
less rough and large templates and 
dirty steel plates. If material is not 
available the preparatory work can 
be done in advance. Immediately after 
the arrival of the steel plates the 
marking-off, which takes only a short 
time, can start. Thus the workshops 
can concentrate more on the actual 
production. The drawing is projected 
in clear lines on the plate and a num- 


ber of unskilled workers can mark- 
off the plate simultaneously. On an 
average, one shell plate with dimen- 
sions about 30 ft. by 8 ft. for a riveted 
ship can be traced by three unskilled 


men in 15 to 20 minutes. 


Drawing a 1:10 scale paper mold 
with all necessary marks on it, thus 
forming the image which need only be 
projected to the plate, is more quickly 
done than making a template or mark- 
ing directly on the steel plate. The 
same highly skilled craftsmen are re- 
quired as in the mold-loft, but fewer 
of them. Only some of the skilled 
workmen formerly employed in the 
mold-loft are transferred to the draw- 
ing office. Unskilled workers and 
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helpers in the mold-loft can be trans- 
ferred to other shops. Template pro- 
duction is practically no longer re- 
quired. The tracing of the projected 
lines can be quickly done by a few 
unskilled men under supervision of 
one experienced foreman. The other 
skilled workmen can eventually be 
utilized more economically on the 
welding floors for assembly work. 
Wood for wooden templates is prac- 
tically no longer required. Saving of 
steel, by reducing the waste, can be 
effected by accurately laying out the 
different parts of the available area 
of the plate on the 1:10 scale draw- 
ing. Mold-loft work becomes unneces- 
sary to a great extent and is reduced 
to those components where special 
forms necessitate tempiate work. 
Practically the whole area of the mold- 
loft floor can be used for other pur- 
poses. The storage of wooden tem- 
plates is replaced by a small set of 
card cases containing the glass nega- 
tives. The necessary space for mark- 
ing-off tables can be reduced con- 
siderably. The full-scale scrive-boards 
taking the body plans are generally 
dispensed with though some shipyards 
use them for special template work. 
Instead of these areas are the drawing 
office with adjacent photographic and 
dark rooms and the projecting space 
in the platers’ shop. The glass nega- 
tives last for years and can be used 
again for repeat orders. Wooden tem- 
plates have to be scrapped. 


Often a group of shipyards have to 
build ships of the same design simul- 
taneously. Uusually all working draw- 


ings are the same and are prepared by 
one of the yards. Each yard must 
repeat the same expensive preliminary 
work involved in mold-loft, scrive- 
board, templates, as well as part of 
the marking-off of the steel plates and 
sections. Nearly all this work can be 
omitted and replaced by preparing 
drawings and negatives in the leading 
yard. 


Damaged ships’ plates can be re- 
placed by plates prepared in. the re- 
pair yard with the aid of the optical 
system. The negatives are obtained 
from the building yard. This work can 
be done before the ship arrives at the 
repair yard. This advantage increases 
in importance where many yards use 
the optical method. Co-operation of 
several yards and a system of ex- 
changing negatives on a large scale 
will enable repairs to be carried out 
at reduced cost and with considerable 
saving of time. 


It is possible to use the drawings 
or the negatives first in the yard rate- 
fixing office. Using a simple table with 
a glass top and lamp below the draw- 
tives to scale 1:20 or 1:25, all particu- 
lars of the work can be measured in 
detail, viz., lengths of edges to be pre- 
pared by shearing, planing, flame- 
cutting or welding, number of rivet 
holes, etc. There is less transport of 
large molds and less transport of steel 
material. All plates pass the optical 
marking tables only instead of the 
many tables formerly used in the 
platers’ shop sometimes causing crane 
labor congestion. 


PRACTICAL APPLICATIONS 


Several yards are employing the 
optical system, of which the most im- 
portant are given in Table I. Several 
other yards in Finland, Sweden, Nor- 
way, Germany, Africa and Japan, not 
mentioned in the table, have adopted 
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Number 

of Pro- 

Shipyard. Town. Country. jectors, 
Gétaverken Gothenburg |Sweden 6 
Uddevalla Uddevalla Sweden 3 
Chantiers de Rouen France _— 

Normandie 

Stiilcken Hamburg Germany 2 
Howaldtswerke Kiel Germany 3 
Burmeister Wain (Copenhagen |Denmark 
Aalborg Vaerft Aalborg Denmark 1 
Jos. Boel Temsche Belgium 1 
“‘de Schelde’’ yard |Flushing Netherlands 2 
L. Smit Kindedijk Netherlands 1 
August Pahl Hamburg |\Germany 1 


TasBLe I.—Important Shipyards Using 
the Optical Marking-Off Method. 


Rhine tugboats of 4,000 brake horse- 
power, named Uri, Schwyz and Un- 
terwalden. They were identical and 


built in 1939, 1946 and 1949, respect- 
ively. Three times the same full-scale 
scrive-boards were prepared, and 
three times all mold-loft work had to 
be repeated and all plates had to be 
marked. If the optical system had been 
available all glass negatives for the 
first ship could have been used for the 
second and third ships. In combination 
with the standard plates used in this 
particular yard the work could have 
been started immediately after obtain- 
ing the order, thus saving cost and 
shortening delivery time. The yard 
management regarded this as one of 
the strongest arguments for procur- 
ing the optical equipment in 1949. 


OPTICAL SYSTEM IN THE “DE SCHELDE” YARD 


In preparing plans for a new layout 
of the “de Schelde” yard the author 
was aware of the advantages of the 
method and could fully utilize it. The 
problems encountered in the old yard 
layout were mostly of handling and 
routing material. The yard was found- 
ed in 1875 and gradually expanded in 
an easterly direction on the north and 
south banks of the narrow dock. For- 
merly used as a yard for riveted ships, 
it could be typified as reasonably: ef- 
ficient, but when the prefabrication 
methods of modern shipbuilding in 
welded constructions were introduced 
the lack of pre-assembly areas and in- 
termediate storage areas for finished 
units was becoming serious. A new 
platers’ shop, the re-arrangement of 
existing and dismantling of other shops 
were necessary to obtain a layout as 
efficient as possible in the prevailing 
circumstances. As the existing mold- 
loft and scrive-board were old and had 
to be removed, the optical system of- 
fered an opportunity to eliminate 
them. In addition, the space formerly 
occupied by the marking-off tables 
could be utilized for machines, so that 


the old platers’ shop with mold-loft 
could be removed. 


The drawing office for optical mark- 
ing was not combined with the con- 
struction drawing office. Though a 
combined drawing office has certain 
advantages, this problem must be 
studied in the light of the existing re- 
lation between the designing and yard 
departments. It is very useful to have 
close co-operation between the work- 
shops and the optical drawing office, 
but it is still necessary to have close 
co-operation between the optical 
drawing office and the construction 
department. As a matter of fact, the de 
Schelde yard decided to start the opti- 
cal drawing office in the yard’s office, 
not combined with the construction 
drawing office. Fig. 1 shows a plan of 
the drawing office for optical marking 
in the de Schelde yard, Flushing. The 
de Schelde yard started with two pro- 
jectors. A comparison between the 
areas in the old and new yard layout 
is given in Table II and the saving 
of space in the platers’ shop is shown 
in Table III. 
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Figure 1. Drawing Office for Optical Marking Off 


TIME SAVING 


Several time studies were made for 
comparison. The saving in time de- 
pends on the type of plate to be 
marked. For two plates of a shell unit 
marked by one skilled man and one 
apprentice the times were observed 
and results given are below. The cal- 
culated times for marking with the op- 
tical method for the same plates and 
with two unskilled men are also given. 


The total time per plate in the old 
method is 3.86 hours. The total calcu- 
lated time per plate in the new meth- 
od is 0.72 hour, i.e., only 18.6 per cent 
of the time with the old method. The 


preliminary work is not included, 
namely, the mold-loft and template 
work in the old method and the mak- 
ing of the drawings and negatives in 
the new method. An average of five 
different deck plates and shell plates 
for a ship of complicated construction 
and for the plate marking-off only is: 
old method, with one skilled and one 
unskilled man, 2.02 hours; new meth- 
od, with two unskilled men, 0.625 
hour, or only 21.4 per cent of the old 
method. 


For a cargo ship of 315 x 49.2 x 23 
ft., 398 shell plates (riveted frames and 
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seams, were marked and 112 templates 
used. The average was 7.5 man-hours 
per plate, ie., 3.75 working hours for 
one skilled workman and one appren- 
tice, mold-loft work excluded. Includ- 
ing mold-loft work the average is 
7.65 working hours for two men, i.e., 
3.90 hours for mold-loft and template 
work per plate. In the new method 


the times are: drawing shell plates 
1.10, 930 man-hours; optical marking- 
off, 596 man-hours; or a total of 1,526 
man-hours per plate; thus 5.12 man- 
hours, or, for two men, an average of 
2.56 hours per plate. This is 33.5 per 
cent. of the old method, or a saving of 
66:5 per cent. 


TABLE II.—Comparison or AREAS IN OLD AND NEw LAYOUT OF DE SCHELDE YARD. 


Old. New. 
Area. | Percentage of berth area.| Area. | Percentage of berth area. 
Sq.M West. East. | Total. | Sq. M. | West. East. | Total. 
Storage area for steel...... 0, 147 20,000 147.0 
Piaters’ shop, total......... 10,450*, 128 76.7 7.000 86 51.4 
Welding sheds, West....... 1,100 13.5 _— _ 4,000 49 — _ 
Welding sheds, East........ 900 16.5 900 16.5 
Welding sheds, total........ 2,000 14.7 4,900 36 
Storage area within reach of 
cranes, West ............ 2,600 31.9 6,530 80 
Storage area within reach of 
Storage area within reach o 
cranes, total ..... 3.800 27.9 | 7.730 56.7 
Berth area, West . 8,160 100 = — | 8160 100 a — 
Berth area, East .... 5,470 _ 00 — | 5,470 _ 100 — 
Berth area, total .... 13,630 100 190 


* Mold-loft not included as this is on top of machining shop (see Table III). 
+ This relatively small storage area under cover in the welding shop is sufficient for the build- 


ing of naval craft which mostly remain for rather a lon, 
area can be reserved to the east side of the dry dock, whic 


time on the berth. If necessary storage 
space is normally in use for repair jobs. 


TABLE III.—Comparison OF AREAS FOR MARKING-OFF AND MACHINING PLATES AND 
SECTIONS IN OLD anD New Layout. 


| Old Layout. | New Layout. | Saving. 
T 
Per Cent. Per Cent. 
Area, of of Area, | PerCent.| Area, | Per Cent. 
Sq.M Platers’ | Total Sq. M. Sq. M. 
Shop Area. 
Scrive-boards .... ; 800 7.65 6.06 430 6.14 370 46.2 
2.750 20 85 2,750 100 
Marking-off tables . 3,000 28.70 22.75 2, 88 
Bending blocks ...... 500 4.79 3.79 500 7.13 a ae 
Optical drawing office 150 2.13 
Projecting space ...... 210 3.00 
Machining shop ............. 6,150 58.86 46.55 5.710 81.60 440 7.15 
Platers’ shop total—(exclusive 
of mold-loft as in old layout 
this is over the machine 
10,450 100.00 7,000 100.00 3,450 33.00 
Total working area, mold-loft 
13,200 100.00 7,000 100.00 6,200 47.00 


Conclusion—The purpose of this 
paper is to make known the optical 
marking-off system in wider ship- 
building circles. It is an interesting 
method and adds much to the im- 
provement of shipbuilding technique, 
workshop conditions and efficiency in 
shipyards. Especially for the Nether- 


land shipbuilding industry, which in 
the first quarter of 1953 took the 
fourth place in known world ship- 
building, it is of importance in ex- 
ploiting the advantages of new meth- 
ods for increasing shipbuilding out- 
put figures. 
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AN INTRODUCTION TO AUTOMATIC 
COMBUSTION CONTROL 


CureFr MAcuInist JosePH E. ScHIRMER, USN 
BoILERMAKER JOHN GRANDPRE, USN 


THE AUTHORS 

JosePH E. ScHIRMER, born in Baltimore and educated in parochial, public and 
private schools. Employed 1934-1942 as machinist, toolmaker and tool engineer. 
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mostly in repair ships, submarine tenders and floating drydocks. Senior In- 
structor at US Naval Schools, Boilermen, 1950-1953 where his interest in auto- 
matic combustion controls was first fathered. Attended factory courses at two of 
the leading control manufacturer’s. Present duty is Boiler Officer aboard the new 
Task Fleet Command ship, the USS Northampton (ECLCI) which is one of 
the first combatant ships to have automatic combustion controls. Permanently 
commissioned Chief Warrant Officer in the regular Navy in 1944. 

JoHN GRANDPRE, born in South Dakota and educated in public schools there. 
Entered regular Navy in 1940 serving mostly in battleships, cruisers and attack 
transports. Instructor in Automatic Combustion Controls for three years at 
US Naval Schools, Boilermen. Attended factory courses at two of the leading 
control manufacturer’s. Present duty is Chief Boilermen in charge of No. 1 
oe aboard the new Task Fleet Command Ship, the USS Northampton 
(ECLC1). 


Automatic combustion control 
equipment as applied in naval engi- 
neering installations, varies in types 
and designs; and no attempt will be 
made in this paper to describe the 
operating principles of any one par- 
ticular type of control system manu- 
factured by any one company; but 
rather to explain the basic principles 
involved with the majority of types of 
automatic combustion equipment. 


The usage of automatic controls is 
justified naturally, if the advantages 
outweigh the disadvantages. In this 
vein the following advantages and dis- 
advantages are given. While we agree 
there may be more pros and cons than 


listed; it is felt that for the purpose 
of this paper; these are sufficient for 
discussion. 


Advantages: 


1. Automatic controls insure the op- 
eration of a boiler to which they 
are applied in the event of a casual- 
ty to the related equipment which 
would require the attention of the 
operating personnel. Further, in the 
event of injury to the operating per- 
sonnel during combat, the automatic 
controls ensures operation of the 
boiler which is one of the most 
important items during combat. 


2. In modern boiler design, the in- 
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creased temperatures and pressures 
with a proportional decrease in 
boiler size; stable control of pres- 
sure, temperature, water level (feed 
flow) and combustion ratio is be- 
coming increasingly more difficult 
to maintain thru hand firing alone. 
Automatic controls definitely helps 
to minimize this difficulty. 

. Where long periods of operation are 


2. Additional weight factor. However, 


recent design trends towards min- 
iature controls and instrumentation 
should eventually eliminate this dis- 
advantage. 


. Initial installation is costly. It can 


be stated here that it must be re- 
membered that the savings in fuel 
and feedwater along with decreased 
maintenance costs, more than 


necessary, as on combatant ships, 
automatic controls help to eliminate 
the errors which result from per- 
sonnel fatigue; this resulting in far 
greater safety to personnel and 
equipment plus a more alert watch 
ready to respond to any demand as 
conditions warrant. 


enough makes this disadvantage a 
very slight one. 


Automatic controls are designed to 
control such variables as: 


1. pressure 


2. temperature 

3. water level (feed flow) 

Disadvantages: 4. combustion ratio (fuel-air ratio) 

1. Specially trained personnel are re- 
quired for operation and mainten- 
ance. It might be said here, that 
any good engineer with a normal 
basic background and operating ex- 
periences can learn, without too 


Many of the types of controls that 
have been developed may be readily 
adapted to any or all of the variables 
listed above. 


For better understanding of this 
much difficulty, to operate and continuous process of automatic con- 
maintain any automatic control sys- trol, a list of definitions used in con- 
tem. nection with it are listed: 


Controlled Variable: 
the variable which the automatic system is controlling 
the value of; eg: if the automatic system controls steam 
pressure in a boiler, then the STEAM PRESSURE is the 
controlled variable. 


Controlling Variable: 
the necessary elements imparted to the controlled vari- 
able to maintain it at some definite value; eg: if the auto- 
matic system holds steam pressure at a given value by 
varying the fuel-air ratio to the boiler; then the FUEL- 
AIR RATIO is the controlling variable. 


Standard: 
is the desired value of the controlled variable; eg: if the 
automatic system is set to control steam pressure at 600 
psi, then the 600 psi is referred to as standard. 
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Proportional Band: 
the deviation of the controlled variable that is necessary 
to vary the controlling variable from minimum to maxi- 
mum range; eg: if a 15 psi steam pressure deviation is 
required to vary the oil and air flow over its full range, 
then 15 psi is the proportional band. 

Power Drives: 


the units which operate a mechanism for varying the 
controlling variable; eg: the diaphragm and spring of a 
valve are the power unit to operate the valve and control 
the flow through it. To control air to a furnace, the power 
drive which positions the damper and regulates air flow 
may also be a diaphragm spring-opposed drive or an air 
operated piston type of power drive. 


From the definitions above, it can 
readily be seen that any automatic 
control system must have the following 
basic elements before it can be con- 
ceived and designed for operation. 


1. A controlled variable that will vary. 
2. Controlling variable which may be 
varied by the control system. 


3. A device to measure the controlled 

variable and relay this value to a 
controller. 

4. A controller which has an outside 
power source supplied to it, and 
which it proportions to the amount 
of the controlled variable deviation; 
then transmits this value to vary the 
controlling variable to bring the 
controller back to the desired value. 


5. Power drives which move in ac- 


cordance with the variations in the 
power sources to vary the control- 
ling variable. 


6. Transmission system to relay the 
power source to the power drives. 


The requirements for an efficient 
automatic control system are but two: 
a. energy supply rate must equal en- 
ergy demand rate, and b. energy sup- 
plied must be at a specific potential es- 
tablished by the demand. 


Certain features of automatic con- 
trol equipment remain basically the 


same regardless of the manufacturer’s 
type, due to their specific purpose. One 
of the first steps in automatic control 
is to measure the controlled variable, 
and this is usually accomplished with 
some type of a sensitive element. This 
element may be any of the following, 
depending upon the nature of the con- 
trolled variable: 


a. bourdon tube, bellows or helical 
coil which moves in accordance with 
a pressure change. 


b. bellows or diaphragm which moves 
in accordance with a differential 
pressure change. 


c. thermal tube which will expand 
and contract in accordance with a 
temperature change; or a resistance 
element which varies an electrical 
output due to temperature change. 


Unfortunately, the allowed varia- 
tions of the controlled variable in most 
cases is slight, and demand that the 
allowed movement of the sensitive ele- 
ment be sufficient to mechanically 
move the power drives and change the 
controlling variable to meet demand. 
Due to this fact, some outside power 
source must be introduced to accom- 
plish this work. This power source may 
be either pneumatic, electrical or hy- 
draulic. Variations of the power source 
(which as a final result, vary the con- 
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trolling variable over its full range), 
are controlled by the movement of the 
sensitive element; which is proportion- 
al to the variation in the controlled 
variable. The first action of an auto- 
matic control system is brought about 
by a change in the controlled variable 
which moves the sensitive element. 
This movement sets up a proportional 
impulse from the power source, which, 
moves the power drives and changes 
the controlling variable to bring the 
controlled variable back to its correct 
or desired value. A cycle, or in short, 
an automatic control system has been 


Where the allowed variations in the 
controlled variable are large enough, 
the movement of the sensitive element 
may be transferred mechanically to 
the power drives. An example of this 
type of control would be a thermo- 
mechanical feed water regulator. 


To clarify the types of controls, it 
is best to first consider the type of 
variation in the controlling medium 
which is brought about by a change 
in the controlled variable. The follow- 
ing are some basic types of automatic 
controls: 


set up. 


Two-Position Control: 


Proportional Control: 


Floating Control: 


a system arranged to operate the controlling variable 
from opened to closed for small deviations in the con- 
trolling variable. The time to open is controlled by the 
load. 


a system arranged to proportion the change in the con- 
trolling variable in accordance with the change in the 
controlled variable. 


a system arranged to employ a combination of 2 types 
of control. For a change in controlled variable, the sys- 
tem floats the controlling variable in order to bring 
the controlled variable back to standard. When the 
controlled variable is returned to standard, the con- 
trolling variable is stabilized; and maintains this 
rate, awaiting the next change in demand. While the 
controlling variable is in this stabilized condition, the 
controls are Proportional. The initial change is made 
by the Floating control and after this change has met 
the demand, it is held there by the Proportional control. 


The above types of controls are not 
by far, all the types that are employed 
but for the purpose of simplicity in 
this paper, they are the only ones be- 
ing considered. For the most, the above 
types of controls are generally em- 
ployed by naval engineering installa- 
tions, although many times they are 
not recognized as such. For example: 
the control of pressure in an air com- 
pressor receiver is typical of 2-Position 


control where the controlling variable, 
which is the supply of air from the 
compressor, is being supplied to the 
receiver or completely secured for a 
variation in the receiver between the 
two set limits. The pressure range be- 
tween these two limits is the allowed 
variation in the controlled variable. 
Floating control by itself is not used 
too extensively; but a combination of 
Proportional and Floating control is 
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used quite extensively in the applica- 
tion of automatic controls to boilers. 


One of the primary reasons for the 
research in the development of the dif- 
ferent types of controls, was the use 
of automatic controls and feed water 
regulators for boilers. The ultimate 
objectives of any steam generating 
unit are: (a) to supply the necessary 
quantity of steam under specified con- 
ditions of pressure and temperature at 
the times required; and (b) to obtain 
the maximum efficiency. These objec- 
tives require the adjustment of the 
fuel-air delivery to the furnace in the 
proper ratio, as well as the regulation 
of furnace draft to remove the result- 
ing products of combustion. Considera- 
tion must be given to some of the ob- 
stacles encountered in the control of 
boilers which automatic systems must 
be designed to compensate for. 


The energy storage capacity of a 
boiler is the major factor in the sys- 
tem, and the effect of this energy stor- 


Transfer Lag: 


age during fluctuations in the control- 
led variable is determined by the 
amount of stored heat released and 
absorbed for a unit change in temper- 
ature, as compared with a steady ratio 
of heat supply. Further, energy stor- 
age can be classified into two main di- 
visions: (a) demand side—the amount 
of steam in a boiler that a demand 
may be put upon, and (b) supply side 
—the amount of combustion available 
to control steam output. Temperatures 
and pressures stored in a system de- 
pend to a large degree on the size of 
the boiler. 


Taking energy storage as a factor, 
the next step is to consider the amount 
of time it takes an automatic system 
to change the firing rate of a boiler to 
meet the change in demand. The 
amount of time involved depends on 
the magnitude of the lags encountered. 
Lags in all automatic control systems 
usually fall into the following cate- 
gories: 


time required for an increase in combustion rate to pro- 
duce the increased steam output due to the thermal resist- 
ance between firesides and watersides of a boiler. 


Transportation Lag: 


time required for a change in steam demand to reach the 


controller. 


Controller Lag: 


time required for the controller to send an impulse or 
change the firing rate of a boiler. 


As a result of these lags, a tendency 
to temporarily either over-fire or un- 
der-fire a boiler is created each time 
the demand is changed. It is evident 
therefore, that the controls must be 
designed and adjusted to compensate 
for this over or under firing if efficien- 
cy and stability in operation is to be 
maintained. This is best accomplished 
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by selecting the type of control to 
cope with an individual situation and 
adjusting the sensitivity of the con- 
trollers to obtain maximum stability. 


As previously stated, automatic con- 
trol systems are varied in design, but 
all must contain the following basic in- 
struments in some form or other: 
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Master Controller: 


Operator’s Switching Station: 


Power Drives: 


Ratio Controller: 


this instrument contains the sensitive element 
for the measurement of the controlled variable, 
and develops a proportional impulse which it 
sends out to vary the controlling variable. 


an instrument to allow the operator to shift the 
controls from “automatic” to “manual” or to 
“hand” with minimum time delay in case of 
equipment failure, etc. 


a mechanism to vary the controlling variable in 
accordance with the impulse changes originating 
in the Master Controller. 


an instrument to measure either oil flow, air 
flow or both; and to develop an impulse to con- 
trol either flow of oil or air. By accomplishing 
this, the ratio controller maintains a set ratio of 
the “elements of combustion.” This set ratio is 
determined by the operator to compensate for the 
variation in sizes of sprayer plates used. Most 
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ratio controllers compensate for the variation 
in the number of burners used by automatically 
measuring the flow of air to the burner rather 
than the furnace or pressure casing alone. 


Automatic combustion control sys- 
tems are also referred to as being 
either series or parallel. If the ele- 
ments of combustion are both in- 
creased or decreased by the Master 
Controller for a change in rate, and 
the Ratio Controller then re-positions 
the power drive which re-aligns either 
air or oil flow, the control is said to be 
a parallel type. However, if the Mas- 
ter Controller positions only one pow- 
er drive, and e.g.: controls air flow, the 
Ratio Controller must measure air 
flow and develop an impulse relative 
to this measurement. The impulse from 
the Ratio Controller then positions the 
power drive to control oil flow. This 
control is then said to be series due to 
the fact that the “elements of combus- 
tion” enter the furnace in series. 


In addition to the equipment listed 
above, most pneumatically operated 
automatic control systems are equip- 
ped with Relays. A Relay in this sense 
is an instrument which reproduces 
pneumatic pressures, and usually con- 
sists of from two to six chambers. Re- 
lays can be made to reproduce an 
average of the received impulses, the 
sum of the received impulses, the dif- 
ference between two or more received 
impulses or the identical reproduction 
of a single received impulse. Depend- 
ing on their particular use in the sys- 
tem, the purpose of a Relay is to add 
stability, flexibility or sensitivity to an 
automatic control system. Relays must 
be arranged to work in conjunction 
with the Controllers in the system, and 
to aid in the proportioning or control- 
ling of an impulse. In the pneumatic 
control system where no Relays are 
used, this proportioning or controlling 
of an impulse must be accomplished 
in the controllers themselves. 


To apply automatic combustion con- 
trols to an integral type superheater 
boiler (single furnace), the control 
system remains relatively basic. Steam 
pressure is the only factor measured 
through a single Master Controller, 
and the system develops a relative im- 
pulse to control combustion rate and 
to maintain the desired steam pres- 
sure. As a result of controlling com- 
bustion rate and maintaining the 
proper air-fuel ratio the desired su- 
perheater outlet temperature is read- 
ily maintained. 


To apply automatic combustion con- 
trols to a separately fired superheater 
controlled boiler (divided furnace) is 
rather a complex problem, in that a 
near-perfect balance of the firing 
rates of both furnaces must be main- 
tained at all load changes in order to 
prevent the controls from “hunting.” 
In this application, two controlled var- 
iables, steam pressure and steam tem- 
perature are measured by two Mas- 
ter Controllers. One Master Controller 
measures steam pressure and devel- 
ops an impulse relative to it to con- 
trol the combustion rate of the satu- 
rated furnace; while the other Master 
controller measures steam tempera- 
ture and develops an impulse relative 
to temperature change to control the 
combustion rate in the superheater 
furnace and maintain the desired 
steam temperature. The usual ar- 
rangement for an automatic combus- 
tion control system for this type of 
boiler is to allow the Master Control- 
ler, which measures steam pressure, 
to vary the combustion rate on both 
furnaces when a change in steam de- 
mand occurs. The Master Controller 
measuring steam temperature then re- 
stricts or corrects the superheater fur- 
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nace combustion rate to maintain de- 
sired temperature. To accomplish this, 
it is necessary to introduce several re- 
lays into the system that will permit 
the superheater furnace combustion 
rate to be changed in accordance with 
the impulse change originating in 
either of the two Master Controllers. 
In view of recent developments in na- 
val boilers, and the experiences 
gained by the use of automatic com- 
bustion controls, it is believed by the 
authors that this type of boiler will 
eventually be eliminated. 


Automatic combustion control 
equipment will give satisfactory and 
efficient control only if it is operated 
and maintained by properly trained 
personnel. In the maintenance and 


calibration of controls, manufacturer’s 
instructions should be adhered to 
strictly, and common _ engineering 
sense applied. Tinkering with the con- 
trols should never be tolerated. Where 
possible, the control console or room 
should be locked when not in use. 
Maintenance is the key to efficiency. 


In conclusion, the authors have seen 
and have helped to make operate, au- 
tomatic combustion controls for naval 
boilers. They have witnessed the ef- 
ficiency, flexibility, stability and econ- 
omy of automatic controls. Where con- 
trol systems are installed, operating 
personnel must be made aware of the 
advantages of the controls and realize 
that any control is only as good as the 
operator. 
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INTRODUCTION 


The World’s Market and Suggestions 
for Increasing the Demand. The rapid 
advance in the design and perform- 
ance of high-speed internal-combus- 
tion engines of the Diesel type, result- 
ing in relatively low initial cost and 
high working efficiency, has promoted 
an increasing demand for engine- 
driven electric generating sets. The 
demand would increase much more 
rapidly if there were readily available 
a standardized generator power pack 
or at least a kit of versatile compo- 
nents that could readily be assembled 
into complete power units. 


Engine-makers already manufac- 
ture large numbers of standardized 
mechanical power packs, the design 
and construction of these being with- 
in their own province, but with elec- 
trical power packs not only other 
manufacturers but other techniques 
are involved. Therefore considerable 
attention must be given to the arrange- 
ment and to the design of the electrical 
end, also to the method of coupling 
both the rotor and the stator of the 
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generator to the engine, and to the 
final assembly of the unit to permit 
the use of the complete set without 
undue vibration. 


Possible World’s Free Market for 
Alternators Alone. Alternators for in- 
ternal-combustion engine drives are 
being produced in Great Britain at 
the rate of about 400,000 kVA. per 
annum in units of capacities lying be- 
tween 5 and 500 kVA. This figure 
which is based on a specific or refer- 
ence speed of 1,000 r.p.m., covers all 
machines manufactured for the serv- 
ices, for home, domestic, industrial 
and stand-by purposes. At least half 
is directly exported. Statistical infor- 
mation on “Electro-generating sets 
powered by Diesel engines produced 
in U.S.A.” and exported during the 
past 5 years gives an average value 
of $21,000,000 per annum and the 
average number of sets corresponding 
to this value is 4,000. As these units 
are sold in the open market it is rea- 
sonable to estimate that their kVA. 
capacity will be similar to that of the 
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U.K. product which for the price in 
question would be approximately that 
of 60 kVA. at 1,000 r.p.m., making the 
total annual U.S.A. exports about 240,- 
000 kVA. and the price per kVA. ap- 
proximately $90. Other countries, such 
as Denmark and Sweden, not only 
produce similar sets for their own use 
but export them to Norway, Finland 
and the Commonwealth countries, in 
particular India. Similar conditions 
exist in Belgium, Germany, France 
and Italy; India being a good customer 
to most. In these circumstances it could 
be assumed that a further 160,000 kVA. 
is sold, making a free world total mar- 
ket of 800,000 kVA. which, at $21 per 
kVA., gives a total of $16,800,000 for 
alternators alone. 


Possible World’s Free Market for 
Complete Power Packs. The price per 
kVA. for the power pack will depend 
on how elaborate it is and on the speed 
of the prime mover. For a unit with 
the simplest type of switchgear, run- 
ning at 1,000 r.p.m., the price per kVA. 
may be taken from the U.S. figures 
above to be about $90, making the free 
demand of the order of $70,000,000. Al- 
though this is already a very large 
market it is only in its infancy, for 
due to the demand for a better stand- 
ard of living and better industrial 
services, more sources of electric 
power will be required. New uses will 
also contribute to this potential market. 


Some Applications of Power Packs. 
Power packs may be regarded as fall- 
ing in two broad classifications namely, 
those for continuous service and those 
for stand-by, peak-load or emergency 
services. Continuous service includes 
use for power and lighting in small 
towns and villages or on constructional 
operations, hatcheries, oil wells, mines, 
gravel pits, camps, farms, quarries, 
ships, and use by the armed forces. 
Stand-by or intermittent services are 
required in factories of all types, hos- 
pitals, hotels, bakeries, schools, large 
stores and offices, also Post Offices, 


STANDARDIZATION OF DIESEL-ELECTRIC POWER PACKS 


344 


radio and television stations and tele- 
phone exchanges. 


These lists are not nearly complete 
but indicate a field of supply already 
wide enough to make standardization 
of several sizes of power pack an at- 
tractive proposition apart from pro- 
vision against power cuts and supply 
failures. If, as one example, the light 
fails suddenly in a large store filled 
with people, apart from the resulting 
danger and inconvenience, a consider- 
able amount of material may be lost. 
In such circumstances an emergency 
power source may be an economic as- 
set and the complete realization of 
such possibilities will enlarge the de- 
mand for stand-by units very con- 
siderably. 


Effect of Standardization in Increas- 
ing Demand. A standardized power 
pack must be simple and robust; com- 
pact and portable; and have spare 
parts that are readily available and 
simply assembled. Simplicity and 
robustness is necessary because in- 
ternal-combustion engines, particular- 
ly of the Diesel type, have many vibra- 
tion frequencies which can interfere 
with the wear and working of the more 
delicate parts of the equipment, par- 
ticularly on the electrical side, Aiming 
at complete standardization, it would 
be desirable to have at least all basic 
parts of the packs designed for port- 
ability even if they were finally used 
as stationary plant: while to make 
standardization completely effective it 
will be necessary to have pertinent 
data available and in the hands of the 
users as well as in those of the sales 
organizers. It is almost unnecessary to 
stress the value of general standard- 
ization. A readily available standard 
power supply does in itself create de- 
mand and the quality, delivery, price 
and consistency of the product are 
favorably affected. 


Engine. In the manufacture of elec- 
trical power packs, only high-speed 
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engines of the compression-ignition, 
solid-injection, 4-stroke type need be 
considered. Moreover, in the range 
now considered 4- or 6-pole generators 
are normal, so that only four engine 
speeds are required, namely, 1,500 and 
1,000 r.p.m. for generating at 50 c/s 
and 1,800 and 1,200 for generating at 
60 c/s. It would appear that the British 
output of 60-cycle generators is not 
great but engines between 80 and 100 
h.p., almost equally divided between 
the speeds of 1,500 and 1,000 r.p.m. are 
now in very great demand for driving 
generators. Where both 50- and 60- 
cycle machines are required, a speed 
range of 1,500-1,800 r.p.m. is almost 
universally used for engines develop- 
ing up to 80 h.p. Thus a range of 
powers from 20 to 150 h.p. running at 
1,500-1,800 r.p.m. and another range 
running at 1,000-1,200 from 50 to 200 
h.p. would cover all the requirements 
for standardized power packs. Such 
ranges are readily available, for it is 
the practice of many engine-makers 
to design their engines with a maxi- 
mum number of cylinders and reduce 
the number for lower powers. A 6- 
cylinder unit may be arranged to de- 
velop 5/6 or 4/6 of the maximum 
power by reducing the cylinder num- 
bers to 5 and 4 respectively, making 
available a large range of engine out- 
puts while using the same cylinder 
size. Reasonably portable power packs 
can be manufactured with engines de- 
veloping up to 200 h.p. at 1,000 r.p.m. 
There is generally no need to go be- 
yond this power as greater outputs 
can be achieved economically by run- 
ning two or more sets in parallel. Al- 
though the first cost of the paralleled 
plant may be slightly higher than the 
single larger unit and the efficiency 
slightly less, there are considerable 
advantages obtained in multiplying 
units, such as possibilities of lower 
light-load losses, greater portability, 
more effective spares and freeing of 
individual units for maintenance and 
overhaul. Finally, although actual 


supplies of suitable engines are avail- 
able, standardization of such factors as 
mounting dimensions and bell housing 
size is of urgent importance, but as 
these details affect the driven genera- 
tors, suitable standards in the electrical 
apparatus become of still greater 
urgency and importance.’ 


Generator Standardization. Many 
factors influence standardization of the 
generators, and the most important of 
these are, for a.c. generators: 


(1) Revolving field or armature 
type. 


(2) Versatility of generator design 
to comply with changes of 
voltage, frequency, speed and 
power factor. 


(3) Method of voltage regulation. 
(4) Suitability for paralleling. 

(5) Number of phases. 

(6) Method of cooling. 

(7) Mechanical adaptation. 


The frames of p.c. generators should 
be interchangeable with those of the 
A.c. generators of equivalent output. 


So far as possible each of the above 
factors will be considered in the light 
of existing practice and the advantages 
to be gained in standardization by the 
use of a new form of generator. 


Revolving Field Versus Revolving 
Armature Designs for a.c. Generators. 
Revolving field alternators, parti- 
cularly of small and medium sizes have 
many advantages over revolving 
armature types and would be used to 
a much greater extent if the manu- 
facturing costs were more nearly 
equal, a condition which, thanks to 
improved design, now exists. The 
principal advantages of revolving fields 
are as follows: 


(a) They require only 2 slip-rings 
carrying v.c. of moderate values 
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against 4 slip-rings carrying A.c. some- 
times of values greater than the capa- 
cities of single rings. The brush gear 


is simpler. 


(b) Collection of a.c. is more dif- 
fficult than of the p.c. under the same 
conditions and results in considerably 
more maintenance. 


(c) The stationary armature wind- 
ings make paralleling of the coils pos- 
sible (without multiplying slip-rings), 
for instance, coupling for phase e.m.f. 
of half value. 


(d) The revolving part of the gen- 
erator is wound with a low voltage 
simple winding which will be stand- 
ardized in similar sized machines hav- 
ing the same number of poles. For 
higher voltages the revolving arma- 
ture design is impracticable because 
of trouble in insulating the conduc- 
tors. 


Conventional a.c. Generators Con- 
trolled by Automatic Voltage Regula- 
tors (A.V.R.). Conventional genera- 
tors are usually designed with an in- 
herent voltage regulation of 30 per 
cent. at 0.8 power factor, that is, when 
the full load is switched off the ter- 
minal voltage should not exceed 1.3 
times the full load value when operat- 
ing without automatic voltage regu- 
lators (A.V.R.s).’ 


If, with some saturation in the mag- 
netic circuit, the design of a conven- 
tional generator were such that in- 
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herent regulation could be obtained 
with 1.7 mmf. units on the field at 
full load 0.8 power factor, at light load 
the same voltage would be obtained 
with 1 mmf. unit. The duty of the 
A.V.R. for level voltage would be to 
remove 0.7 m.m.f. unit from full to no 
load. Normal automatic voltage regu- 
lators do this reasonably well al- 
though their response is sluggish. 
Since the field is large relative to the 
load winding it is normally placed 
where there is most room for it to give 
the least loss. This is at the outer di- 
ameter so that revolving armature 
machines are usual in small sizes. 


Improvements in a.c. Generator for 
Standardization. When, in the conven- 
tional machine the field magnetizing 
m.m.f. (that is, the m.m.f. at no load) 
is reduced drastically by reducing the 
air gap of the alternator, two limita- 
tions become apparent. Firstly, the 
range of field m.m.f. from no load to 
full load becomes too great for the 
normal exciter regulator system. Sec- 
ondly, the magnetic effects of the load 
currents in the armature distort the 
wave-shape of the alternator voltage. 
The first limitation can be overcome 
by using an amplifying exciter with 
built-in regulating circuits,’ and the 
second by distributing the field wind- 
ings over a round field structure so 
that the field currents will oppose any 
tendency to field distortion. With these 
precautions the field ratios are as 
shown in Table I. 


Field m.m.f. 
Total 


Extra for 0) Ratio of Field loss 
No load full load, full load, m.m.f. for same 
08 power 0.8 power full load: copper 
factor factor no load space 
Conventional alternator 1.23 2 1.63:1 4 


New alternator 


1.17 


4.7:1 


1.37 


to 
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The field m.m.f. ratio full load: no load 
has risen from 1.63:1 to 4.7:1 and is 
outwith normal A.V.R. control. 


With the new arrangement the total 
field m.m.f. required is much less. As 
the field loss for the same copper space 
varies as the square of the m.mf., the 
losses in the field become very much 
less (1.37:4) or, alternatively, for the 
same loss the field can be put into 
much less space. Rotating field ma- 
chines down to very small sizes then 
become a possibility, giving the ad- 
vantages listed above. In addition, the 
machine will be much smaller than the 
equivalent revolving field design. A 
possible disadvantage is that a failure 
of the regulating system may allow a 
dangerous rise in voltage of the sys- 
tem. 


A regulating exciter, the Magnicon, 
designed by the Authors,“ has been 
extensively applied in the above way 
and gives, in addition, closer regula- 
tion under static and (particularly) 
transient loads than the normal A.V.R. 
on conventional machines. In addition 
it has been used to limit the voltage 
if the control circuit breaks, and the 
short circuit current if a symmetrical 
short circuit occurs on the load side 
of the generator. 


Improvements on D.c. Generator De- 
sign which aid Standardization. Direct 
current generators which develop 
equal outputs from the same frame 
sizes as the equivalent alternators can 
be economically made by using com- 
pletely laminated field systems and 
compensating winding.’ Salient poles 
are not required and the outside di- 
ameters of the generators frames can 
be reduced to the same overall dimen- 
sions as the equivalent a.c. generators. 
The fields are wound into slots as in 
the a.c. generator or induction motor. 
Compound windings are not required 


as sufficiently level volt-ampere char- 
acteristics for most purposes can be 
obtained by brush movement. If rigid- 
ly constant terminal voltages at wide- 
ly different levels are required, ex- 
citers are used. Parallel operation be- 
tween generators is maintained by us- 
ing a link between the ends of the ex- 
citer compensating windings: this liv’ 
does not carry more than 1 per ce.... 
of the full-load current. 


Many D.c. power packs for arc and 
other welding processes have been and 
are being manufactured,’ but the elec- 
trical requirements are abnormal and 
often require the use of special gen- 
erators and switchgear. It is not im- 
possible, however, for these to be em- 
braced within the fold of the stand- 
ardized power pack by a broad con- 
sideration of all the special require- 
ments. There is no great demand for 
p.c. packs for ordinary power pur- 
poses; at least 90 per cent of all present 
requirements are for a.c. polyphase 
generators for large, and single-phase 
for small units. 


Switchgear Standardization. Stand- 
ard switchgear should be mounted to 
limit the effects of engine vibration 
and should ensure mistake-proof 
handling of the electrical circuit. 


The switchboard as a unit should be 
arranged to move on a damped flexible 
mounting, or the damping of the whole 
machine should be the best possible. 


Switchgear should be as simple as 
possible consistent with good per- 
formance and built up of standard 
parts for which spares are readily ob- 
tainable. 


The switchgear should be designed 
so that with the minimum of modifica- 
tion it should deal with changes of 
voltage, frequency, number of phases, 
the supply of p.c. circuits and parallel- 
ing of sets under all these conditions. 
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ENGINES 


Basic Rating. British internal-com- 
bustion engines are rated in accord- 
ance with B.S. 649 (1949). Their out- 
put is affected by altitude above sea 
level, ambient or engine-room tem- 
perature, and the humidity of the at- 
mosphere. The basic values of the 
above are 500 ft., 85°F. and a vapor 
pressure of 0.6 in. of mercury respec- 
tively and engines must run at their 
rated speed and develop their rated 
b.h.p. continuously for 12 hr. 


Loss of Output due to Departure 
from Basic Conditions. For every 
1,000 ft. altitude above 500 ft. and 
every 10°F. over 85°F. reduction in 
the rated b.h.p. of 4 and 2 per cent 
respectively must be made. The derat- 
ing percentage due to humidity not 


only depends on the percentge humid- 
ity but also on the atmospheric tem- 
perature, and tables relating to these 
values are given in B.S. 649. Service 
specifications usually cover the widest 
limits in environmental conditions, 
altitudes up to 5,000 ft., temperatures 
up to 125°F. and humidity up to 100 
per cent., but all these are not usually 
specified as occurring together for 
instance, temperature of 125° and 90° 
F. are occasionally specified at 500 and 
5,000 ft. levels respectively, but a 
humidity of 50 per cent is seldom en- 
countered at temperatures as high as 
125°F. 


Table II shows the derating per- 
centages for the two extreme condi- 
tions. 


TaBLe II 
Derating Derating 
per cent. per cent. 
Altitude, ft. 500 0 5,000 18 
Temperature, °F. 125 8 90 5 
Humidity, per cent. 50 5.5 100 3.3 
Totals, per cent. 13.5 22.3 


Reduction in air density at high al- 
titudes has a great effect on the value 
of the derating percentage because of 
the reduced weight of air per cylinder 
charge and less effective fan cooling. 
The generator also suffers in the latter 
cause to the extent of 1.5 per cent per 
1,000 ft. from sea level for altitude 
above 3,300 ft. 


Torque, Speed, and Specific Weight. 
Examination of published character- 
istic curves of various Diesel engine,*’ 
reveals the interesting fact that the 
torque which they develop remains 
approximately constant throughout a 
large speed range, and within this 
range the size, weight and (neglecting 
extremes) the cost of engines remains 


reasonably constant and independent 
of the speed. Published data also show 
that speed ranges greater than 2:1 are 
quite usual, in which the torque does 
not vary by more than about 5 per 
cent throughout the range. 


An important figure in the design 
of engines and power machinery gen- 
erally is the specific output, in engines 
the torque developed per lb. of mate- 
rial used, in electric generators per 
cu. in. of core volume. This figure is 
often loosely expressed in mechanical 
engineering as a reciprocal, that is, in 
lb. weight per h.p., without reference 
to the speed at which the h.p. is de- 
veloped, whereas in electrical engi- 
neering when a comparison of plant 


348 


« 
: 


STANDARDIZATION OF DIESEL-ELECTRIC POWER PACKS 


sizes or weights is required it is cus- 
tomary to express torque in kW. or h.p. 
per 1,000 r.p.m. 


Comparison of Specific Torques of 
Engines and Dynamos. On several oc- 
casions the authors have commented 
“It is a curious coincidence that nature 
having provided two metals, copper 
and iron, used in the construction of 
the electric and magnetic circuits of 
dynamos, should also provide that the 
properties of these are such as to en- 
able a close relationship to exist be- 
tween the specific weights of those 
generators and the prime movers 
driving them. This relationship may 
not appear at first sight to be very 
close, but, nevertheless, there exist 
large low-speed prime movers driving 
generators of half their specific weight 
while at the other end of the scale 
there exist high-speed prime movers 


which are driving generators of double 
their specific weight.” To estimate how 
close this relationship could be the. 
specific weights of many makes of 
engines were calculated from pub- 
lished information®’ and compared 
with these obtained from a line of 
standard 1,000 r.p.m., 50-cycle alter- 
nators recently put into production. 
The full-line curve in Fig. 1, shows 
alternator weights per h.p. at 1,000 
r.p.m., plotted as ordinates, on ab- 
scissae of hp. at 1,000 rpm. The 
broken line, curve B, shows an aver- 
age weight in lb. per h.p. at 1,000 r.p.m. 
estimated from the information given 
by 6 representative British manufac- 
turers of 4-stroke industrial Diesel 
engines. The relevant engine weights 
were specified as total dry values in- 
cluding radiators, fans, air filters, 
starting gear and flywheels. Fig. 1 also 
shows the specific weights of a con- 


| 


LUNES OF AIR AND WATER COOLED STRIAL 4 STROKE ENGINES BY ANOTHER 
SQMPLETE WITH ELECTRIC STARTERS FANS RADIATORS AND OTHER ACCESSORIES 


A SMALL AIR COOLED MODERN BRITISH ENGINE HAND STARTER. 


CIFIC WEIG L_ENGINES 
or UK. & US. MANUFACTURE. 


— CURVELB UK enaines 


LBS _WGCT PER HP (ATI000 Ri 


HP_AT_1000 


Figure 1 
349 


| 
g | 
t 
BH | | UNE OF WATER COOLED INOUSTRIAL 4 STROKE ENGINES OF US. MANUFACTU 
| | 
} 4 RE, 
\ ELECTRIC STARTER, FAN RADIATOR AND OTHER ACCESSORIES 
\\ 
it | | 
\ | 
re | 
e Ts | | 
| 
7s | | MIERNATO, | 
is | | | | 


siderable number of engines of Ameri- 
can manufacture and it will be ob- 
served that the specific weights of 
these engines correspond very closely 
to those of the alternators of corre- 
sponding output. In the case of air- 
cooled engines the agreement persists 
for outputs of under 10 h.p. at 1,000 
r.p.m. and this provides a remarkable 
confirmation of the comments above. 


Comparison of Specific Weights of 
British and American Engines. It ap- 
pears that the specific weights of U.S. 
engines can, without much error, be 
taken as equal to those of the corre- 


Type and power 


Diesel engines up to 50 h.p. 
Diesel engines from 50 to 300 h.p. 
Diesel engines over 300 h.p. 


Petrol and paraffin engines up to 10 h.p. 
Petrol and Paraffin engines over 10 h.p. 


The total weight of these engines 
Average weight 
Specific price of material 


A separate list of Diesel-driven gen- 
erators is given in the report, from 
which it is reasonable to assume that 
the details given in Table III do not 
include generators, although possibly 
many of the engines listed would ulti- 
mately be used to drive generators. 
Many of the engines exported will 
have included in their weight gears, 
clutches, gearboxes and possibly heavy 
supports. That the included weight is 
higher than that of the engines alone 
is confirmed by the low selling price 
per ton. Over two-thirds of the en- 
gines detailed average less than 50 
b.h.p. and for these the present-day 
selling price reaches a figure of not 
more than $1800 per ton. The ratio 
of this price to that from the export 
list is approximately 2:1, hence it may 
be reasonable to argue that the weight 
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sponding alternators and, that engines 
of British manufacture are relatively 
too heavy by 25 to 35 per cent. In the 
report of a visit to the United States 
in 1949 of a British productivity team 
representing the internal-combustion 
engine industry the following com- 
ments appear: “One of the most strik- 
ing features of American practice is 
the tendency to use cheap materials; 
in particular cast iron is used on every 
possible occasion and light alloy is 
little used.”* As some further evidence 
on this point, Table III gives details of 
the British exports of internal-com- 
bustion engines for 1952. 


Value 
b.h.p. £ 
780,000 11,838,000 
334,000 4,429,000 
252,000 3,330,000 
175,000 1,935,000 
138,000 290,000 


1,679,000 21,822,000 
=65,000 tons 

=87 lb. per hp. 
= £337 per ton 


of metal exported is greater by about 
100 per cent than the total weight of 
the actual engines, thereby reducing 
the export specific weight to 43.5 Ib. 
per h.p. for the engines alone. The 
average specific weight of 50-h.p. 1,- 
000-r.p.m. engines taken from curve B 
(Fig. 1) is about 44 lb. per h.p., prac- 
tically the same as the above. It may 
also be argued that the average speed 
of the listed machines differs from 1,- 
000 r.p.m. A close inspection of the con- 
tents of Table III shows that this is un- 
likely because a large proportion of the 
engines listed are small and will prob- 
ably run at above 1,000 r.p.m. 
Undoubtedly, although there are a few 
exceptions, curve B gives an optimistic 
view of the average specific weights of 
engines of recent British manufacture. 
One of the exceptions, a well-known 
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engine-maker, has provided details of 
powers and weights (exclusive of 
starting batteries) for three engine 
sizes, the first two of which show spe- 
cific weights 5 per cent lower than 
those shown on curve A for equivalent 
powers, but the specific weight of the 
third and largest engine is 30 per cent 
greater and lies on curve B. This in- 
dicates that British manufacturers are 
already alive to the weight question 
and that the specific weight of engines 
will eventually become equal to, or 
even less than, those of the equivalent 
alternators. 


Basic Law Relating Torque and 
Specific Weight of I.C. Engines. It 
seems logical to assert that a well-de- 
fined law exists relating the torque 
and specific weight of I.C. engines. It 
is now the fashion to retain the m.e.p., 
the cylinder bore: stroke ratio and 
the maximum piston speed at approxi- 
mately constant values for any engine 
size, at least within the range of 
powers discussed in this paper, and 
these values are effective in fixing the 
basic engine size. Engine weights are 
affected to some extent by the maxi- 
mum value of their rotational speed, 
but this can be settled at a definite 
maximum value, thus allowing the 
weight of the moving parts to be as- 
sessed for a given range of engines. 
Referring again to Fig. 1, it will be 
observed that particulars of air- and 
water-cooled engines by the same 
manufacturer closely surround curve 
A within a power range of 10:1 for the 
air-cooled engines alone and that this 
range joins up with that for water- 
cooled engines up to 200 h.p., a total 
range of 25:1. 


The other points which closely ad- 
here to curve A belong to a line of 
engines manufactured by one of the 
best known manufacturers in the 
United States. These engines, of rug- 
ged design, are manufactured chiefly 
from iron castings and show that good 
and cheap engines can be designed to 


follow a basic law relating torque and 
specific weight. By a remarkable coin- 
cidence this law is the same as that 
applying to alternators of correspond- 
ing output. Using this curve as a stand- 
ard of reference, cast iron engine 
weights (which need not be exceeded) 
can be predicted for any power. The 
market price, which must be settled on 
what the customer buys, that is, on 
engine torque, enables the ideal price 
per unit of engine weight to be deter- 
mined. 


Basic Market Price of I.C. Engines. 
Several engine manufacturers have 
kindly made available the selling 
prices of their engines and when the 
ideal weights obtained from curve A 
(Fig. 1) have been used as divisors 
the figures obtained remain very near- 
ly constant throughout a wide range 
of torque at 8-10s. per lb. for engines 
of similar construction having the 
similar accessories. In view of the fact 
that market values from engine to en- 
gine must be arbitrarily selected the 
result indicates that a reasonable uni- 
formity in price already exists. There 
is no reason why this relationship 
should not be present, provided the 
price fixing has been accurate and 
based on engine costs, because these 
costs are governed by the design 
constants already mentioned. Appen- 
dix I gives further details of the de- 
duction of the above figures. 


Engine Torque Variation. The amp- 
litude and frequency of the cyclic 
variations for a given engine depend 
among other things on the number of 
power strokes per revolution and on 
the number (N) and distribution of 
the cylinders. Assuming 4-stroke en- 
gines and a firing order such that each 
power stroke is equally displaced. 
then the fundamental frequency of the 
cyclic variation is (N/2) (r.p.m./60) 
per sec., that is 12% c/s for single 
cylinders and 75 c/s for 6-cylinder 
engines running at 1,500 r.p.m. Analy- 
sis of the torque variations of many 
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engines shows that harmonics of con- 
siderable amplitude are often present. 
Normal load variations such as those 
that occur when driving welding gen- 
erators will not usually be cyclic in 
nature and are unlikely to cause 
trouble due to tuning with any na- 
tural frequency. 


Disturbances due to Possible Reso- 
nance Effects. Cyclic variations of en- 
gine torque must receive careful at- 
tention because they may give rise to 
two types of disturbance. If the na- 
tural frequencies of the revolving 
parts is not considerably different 
from the forced frequency developed 
by the engine, torsional vibrations will 
occur which may result in the failure 
of some of these parts. It is usually 
found that the natural frequency of 
the combined rotating parts, the en- 
gine crankshaft, flywheel and genera- 
tor rotor, is sufficiently greater than 
the engine fundamental forced fre- 
quency, but in some instances investi- 
gation has shown that this is not so 
and resort to couplings damped tor- 
sionally is necessary. With standard- 
ized power packs, on which a wide 
choice can be made of the magnitude 
of any of the many variables which 
contribute to fixing the natural fre- 
quency of the revolving masses, there 
should be no difficulty in avoiding the 
reasonance conditions. 


With generators in parallel supply- 
ing a common bus bar, the electrical 
system is flexible and has natural fre- 
quencies of oscillation. If the the tor- 
que impulses of any of the engines 
coincide with any of these the system 
will oscillate, current surges taking 
place between the generators, result- 
ing in overheating of the armature 
and voltage disturbances. A cure can 
be effected if the resonance condition 
is removed by a modification of the 
stored energy content of the revolv- 
ing masses. 


Engine Damping. The disturbances 
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mentioned under the previous head- 
ing can be kept smaller if engine 
damping is made more effective. A 
proportion of the engine damping is 
due to elastic hysteresis of the re- 
volving parts; a much larger propor- 
tion is due to the motion of the crank- 
shaft in its bearings. Usually the 
double thickness of the retained oil 
film in these bearings is of the order 
of 0.003 to 0.005 in. and it is conceiv- 
able that the total movement of the 
crankshaft within the journals may be 
of the small order of 0.0015 in., but 
the energy absorbed in making even 
this small motion many times per 
second is large. Further improvements 
may be possible in this direction by 
increasing the movement of the re- 
volving parts; for instance, doubling 
the number of bearing sleeves radially 
would allow double the movement and 
would absorb twice the energy. The 
use of energy-absorbing mountings 
for the bearings might also be pos- 
sible, the limit to this being the effect 
of the movement on the engine itself 
or on the unit it is driving. 


On the Possible Use of Air-Cooled 
Engines in Standardized Power Packs. 
It would appear that 4-stroke engines 
of two speeds with normal electric 
starting apparatus would cover the 
whole range required for standard 
power packs, as the maximum power 
required would not exceed 200 h.p. 
and there already exists a sufficient 
range of water-cooled British engines 
to cover all the proposed pack require- 
ments. In view, however, of the many 
difficulties of water cooling, such as 
the necessity for clean water supplies, 
danger of freezing or overheating, 
leaks, scale deposit, delicate cooling 
apparatus and also the fact that there 
exist air-cooled engines which have 
specific weights less than those of the 
corresponding average British water- 
cooled engines, it may be desirable for 
British engine designers to look to air- 
cooling for future requirements. It is 
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claimed for the air-cooled engine that 
the faster warming up facilitates 
starting, reduces fuel and lubricating 
oil consumption and cylinder wear. 
Experience has shown that the life of 


air-cooled cylinder liners is two to 
three times that of water-cooled equi- 
valent and that the lubricating oil lasts 
twice as long.” 


GENERATORS 


Basic Rating. Industrial generators 
are normally rated in accordance with 
B.S. 168 (1936) and generators for 
service requirements in accordance 
with B.S. 1156 (1945). The two spe- 
cifications limit the permissible tem- 
perature rise for various parts of the 
machines, the permitted temperature 
rise in B.S. 1156 being 5°F. higher than 
in B.S. 168. This difference is in the 
overload allowance of 10 per cent in 
current permitted by BS. 1156, 
whereas B.S. 168 permits a 25 per cent 
current overload. 


Factors affecting the permitted 
temperature rise are the altitude at 
which the generator will operate, and 


TABLE 


Altitude, ft. 
Temperature, °F. 
Totals 


For the generator, no correction is re- 
quired on account of humidity. 


Specific Weights and Prices of Al- 
ternators. Curve A in Fig. 1 is con- 
structed from the details given in 
Table V and the average specific price 
of £670 per ton (6s. per lb.) is within 
+4 per cent throughout a power 
range of 10:1. Since the values are 
fixed arbitrarily this coincidence is 
remarkable. 


Brief Comparison of the Operation 
of the Magnicon Generator with p.c. 


the ambient temperature there. The 
standard temperature rises given in 
both specifications are based on an 
altitude not exceeding 3,300 ft. above 
sea level, and a temperature of cool- 
ing air not exceeding 40°C. 


Loss of Output due to Departure 
from Basic Conditions. When the 
standard conditions do not apply, a 
reduction must be made in the per- 
mitted temperature rise, that is, the 
generator must be derated. For the 
same extreme conditions as used in 
Table II, the percentage derating of 
the generator, based on B.S. 1156, 
would be as shown in Table IV. 


Generators. Probably the simplest 
method of explaining the working of 
the new generator is to compare its 
characteristics with the well-known 
p.c. dynamo, because these are very 
similar, particularly in the ability to 
unload when short-circuited and the 
stability at various voltage levels. It 
is well known that as the current is 
increased in a shunt generator field 
the terminal voltage rises rapidly until 
magnetic saturation occurs. As the in- 
crease of voltage becomes less with in- 
creasing field current a balance is soon 
attained when the terminal voltage is 
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just sufficient to supply the field. The 
regulation is poor unless a compound 
winding is used to retain the voltage 
level from no load to full load. 


The Magnicon exciter control circuit 
consists of two windings, 2 and 3 (Fig. 
2), the magnetic effects of which are 
opposed to each other, coupled in 
series and carrying only the very small 
control current which is supplied from 
the generator terminals through a 
rectifier. One of these windings (2) 
with the greater number of turns 
operates on a highly saturated mag- 
netic circuit, the other (3) on a mag- 
netic circuit in which, throughout the 
working range, the saturation is neg- 
ligible. These coils produce opposed 
fluxes which in turn produce voltage 
in the armature conductors under the 
pole parts on which they are wound. 
As the control current is increased the 


voltage difference produced in the 
armature first increases then decreases 
to zero and a further current increase 
reverses the armature voltages. 


In the Magnicon exciter a double- 
duty winding carrying the secondary 
or output current and balancing the 
armature reaction of the output stage 
is fitted to protect the control poles 
and the winding is also provided with 
a little extra strength of such an 
amount that it maintains the terminal 
voltage of the main generator at a 
constant value. The action is similar 
to that of the compound winding: 
the shunt-wound dynamo, however, 
can unload but cannot retain level 
voltage; the compound-wound dynamo 
can retain level terminal voltage but 
cannot unload. The Magnicon genera- 
tor retains both these properties with 


AK 


Fig. 2.—Circuit diagram of Magnicon alternator. 


(1) Rectifier. 

(2) Saturated field. 

(3) Unsaturated field. 

(4) Amplifying dynamo. 

(5) Compensating winding. 

(6) Paralleling leads. 

(7) Alternator field 
slip-rings. 


(8) Alternator field. 

(9) Alternator armature 
winding. 

(10) Hand voltage regulator. 

(11) Ballast resistance. 
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the further advantage of exceptionally 
rigid control over a very wide stability 
range. 


Advantages of the Magnicon Gen- 
erator. The advantages of the Magni- 
con generator may be summarized as 
follows, the first four items being 
primarily of interest to the engine- 
maker and the remainder to the user: 


1. They are smaller in diameter and 
less in weight and cost for a given out- 


put and speed. 


2. Because of their stabilizing quali- 
ties at various levels, +2 per cent on 
a voltage range from the same gen- 
erator at constant kVA. output is a 
standard commitment. 


3. Revolving field designs together 
with the ranges mentioned above en- 
able all standard voltages to be ob- 
tained from a single generator of given 
output by suitably coupling stationary 
windings. Further, the same perform- 
ance is obtained at any frequency be- 
tween 50 and 60 cycles with increasing 
generator voltage and power in pro- 
portion to the speed if desired and if 
the control circuit resistance is suit- 
ably altered. The standard generator 
will develop the same voltage and 
power at any frequency within the 
specified range without any alteration 
whatever, maintaining the same volt- 
age regulation at any level. 


4. No separate regulating apparatus 
(A.V.R.) or special synchronizing or 
paralleling devices are required, there- 
fore the size and the cost of the switch- 
board is considerably reduced. 


5. Automatic close self-regulation 
practically independent of the normal 
variations of temperature, speed, load 
and power factor, without the use of 
separate apparatus. 


6. Due to the use of the paralleling 
links, the special field winding, and 
the unloading V.A. characteristic, 
paralleling may be accomplished with- 
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out the use of auxiliary apparatus. 
Magnicon generators also share the 
load more closely and easily than con- 
ventional types. 


7. Revolving fields are produced 
without extra cost and the advantages 
gained are listed earlier in the paper. 
Apart from allowing the power wind- 
ing to remain stationary, these are 
chiefly concerned with simplification 
and maintenance. 


8. As the short-circuit current falls 
nearly to zero, the generator cannot 
be damaged by prolonged running un- 
der this condition. 


9. The effect of out-of-balance cur- 
rents on the regulation in any phase 
is less than one-third that of the con- 
ventional dynamo. The balancing ef- 
fect of the field winding is such that 
3-phase generators with one phase 
omitted are suitable for single-phase 
working at approximately 75 per cent 
of the output. 


10. The terminal voltage of the gen- 
erators under Magnicon control can 
never rise appreciably above the op- 
erating e.m.f. for which they are de- 
signed, even if the control circuit is 
accidentlly ruptured or the engine 
reaches its overspeed limit. 


11. The simplicity of the system and 
the lack of delicate ancillary appara- 
tus for regulating and paralleling not 
only reduces maintenance but enables 
semi-skilled, easily-trained operators 
to be used with less risk of accidental 
damage than in operating with con- 
ventional apparatus. 


Possibilities of Magnicon Control on 
p.c. Generators. Where A.c. generators 
are to be used, constant speed is neces- 
sary to maintain constant frequency. 
With p.c. generators and small power 
control circuits, it is possible to obtain 
voltage regulation which is quite in- 
dependent of variations in the speed, 
temperature, load and the like. Such 
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generators are in use for Post Office 
work and stand-by sets. They can be 
designed to hold terminal voltage 
constant over a wide speed range, with 
consequent saving in fuel and up- 
keep and in this instance the prime 
mover need not be governed. For ex- 
ample, with an ungoverned engine a 
small solenoid may be used to operate 


the throttle to idle the engine on light 
load with a consequent considerable 
oil saving, the terminal voltage re- 
maining constant. When load is ap- 
plied the solenoid operates to accel- 
erate the engine to normal. Many 
generators of this design are in opera- 
tion driven by ungoverned water tur- 
bines. 


SWITCHGEAR 


For a.c. Generators. Simplification 
of the switchgear by the omission of 
the A.V.R. and the special paralleling 
devices required by conventional a.c. 
generators makes it easier to provide 
space on the switchboard for engine 
apparatus such as gauges for oil and 
water temperature or pressure, bat- 
tery charging ammeter, engine shut- 
down indicators, throttle control and 
starter push-button. 


The electrical switchgear in its 
simplest form consists of one volt- 
meter with selector switch and fuses, 
3 ammeters, a very small hand reg- 
ulator for the voltage adjustment and 
one triple-pole switch-fuse unit with 
an additional 5-amp, capacity blade 


for making the paralleling connection 
AK (shown in Fig. 2). The simple 
switchgear is suitable for Magnicon 
generator control even when run in 
parallel with their neutrals solidly 
coupled for, due to the absence of 
triple harmonics in their voltage wave 
shape and possibly also to their rigid 
control while in parallel, triple-fre- 
quency currents flowing in the con- 
nected neutral are relatively small at 
all loads. 


A.V.R. controlled conventional gen- 
erators paralleled with the aid of ad- 
ditional current transformers may give 
trouble in this respect, particularly if 
they are of different manufacture and 
size, because their wave shapes may 
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Fig. 3—Weights and prices of switchgear for alternators. 
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not only differ at no load but will also 
differ due to the absence of armature 
compensation under load changes and 
to different degrees of magnetic satu- 
ration caused by varying operating 
conditions. To avoid triple-frequency 
currents the practice of carrying a 
neutral wire to one generator only is 
sometimes adopted. This method 
serves only if the loads on each line 
are always nearly in balance, but it 
is dangerous if the loads are even 
moderately unequal because the gen- 
erator to which the neutral wire is 
connected must act as a center wire 
dynamic balancer for all the others 
and may motor so that its engine is 
actually driven against its own com- 
pression. This condition is determined 
by the out-of-balance load taken from 
all the paralleled generators. A meth- 
od sometimes used to avoid this dif- 
ficulty is to connect the neutral wire 
to a separate static balancer, relieving 
the generators from the balancing 
duty, and this enables all the engines 
to develop their full power if desired. 
So far as the authors’ experience has 
gone, it has been unnecessary to adopt 
the balancer with Magnicon alterna- 
tors in parallel. 


The simplicity of the switchgear 
required by the new alternator allows 
approximate weights and prices to be 


+ 


® 


Fig. 4—Circuit diagram of compensated 
D.C. generator. 
(1) Shunt field. 
(2) Armature. 
(3) Hand volts regulator. 
(4) Compensating winding. 
(5) Paralleling leads. 


plotted (Fig. 3) as functions of the h.p. 
output at 1,000 r.p.m. of the generator. 


For p.c. Generators. The switchgear 
required for p.c. generators will, in its 
simplest form, consist of one voltmeter 
and fuses, one ammeter, a hand reg- 
ulator for voltage adjustment and one 
double-pole switch-fuse unit with an 
additional 5-amp. capacity blade to 
make the parallel connection A:K: 
shown in Fig. 4. Two main and one 5- 
amp. paralleling terminals are also 
provided. 


COUPLING BETWEEN ENGINE AND GENERATOR 


Introductory. The standardized elec- 
trical generator leads to a further sim- 
plification in the design of the com- 
plete unit, namely, the closely coupled 
power pack in which the generator 
and engine frames are rigidly butted 
together to form a single rigid struc- 
tural member.’ The generator rotor 
has only one bearing. The advantages 
of this method are that the shortest 
possible pack is obtained; that align- 
ing of the engine and generator shafts 
is automatically provided; and that 
the set can be supported on flexible 


mountings from both engine and gen- 
erator at points placed in correct rela- 
tionship to the centre of gravity. 


The flexible mountings have several 
purposes; to prevent racking of the 
unit due to misaligned feet or warp- 
ing of the bedplate on uneven ground; 
to allow interchangeability without 
close jigging of fixing holes; and to 
help to damp the engine vibrations. In 
small sets the rotating member of the 
generator is usually bolted directly to 
the crankshaft. In larger units some 
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allowance for warping is desirable and 
this is achieved by a simple type of 
flexible plate coupling, which allows 
for some misalignment while still hold- 
ing the rotating parts co-axial and is 
torsionally rigid. A typical layout is 
shown in Fig. 5. 


Engine-driven welding sets of 
similar design have been manufac- 
tured in large quantities and are in 
service in many parts of the world, 
some of them driven at 1,500 r.p.m. by 
Diesel and petrol engines of over 100 
b.h.p. capacity. The couplings through 
which welding dynamos are driven are 
subjected to severe torsional shocks 
and to more onerous conditions than 
those used for transmitting power to 
normal A.c. or D.c. generators. This is 
due to the nature of the welding pro- 
cess, in which the transfer of the metal 
to the work takes place mainly in the 
form of molten drops, the frequency 
of the formation and the size of which 
are fairly constant for any given con- 
dition. Every time a drop passes, the 
generator is subjected to a consider- 
able change of driving torque which 
may be large in comparison with the 
crank effort values. Recently experi- 
ments made with this type of coupling, 
having a centring pintle passing be- 
tween the crank and rotor shafts, show 
distinct wear on one side of the pintle. 
This indicates that while the elastic 
plate is tending to keep the rotor cen- 


ENGINE , ALTERNATOR 


tral against the crankshaft displace- 
ment, the pintle is beating against the 
rotor, tending to make it follow this 
displacement. If a pintle is fitted— 
which is not recommended—an im- 
provement on the damping of the 
whole system could be achieved either 
by a surrounding oil film or by mount- 
ing a damped sleeve upon it. 


Bolting Generator to Engine. The 
following conditions should be ob- 
served in considering the assembly of 
generator and engine: 


(a) That the flow of ventilation air 
is in the correct direction and is not 
in any way restricted. 


(b) That the generator need not be 
dismantled in order to couple frames 
and revolving parts together. 


(c) That the bell housing, corre- 
sponding generator flanges, and 
coupling details should be accurately 
machined to some standard dimen- 
sional specification. 


The engine cooling air should be 
drawn into the pack at the end oc- 
cupied by the electrical machinery so 
that the ambient temperature in which 
the generator operates is the lowest 
possible. The generator fan—if of the 
suction type—must be placed at the 
driven end and be of larger diameter 
than the generator rotor core. Unless 
the fan is split and can be removed 
in two parts, the usual method of as- 
sembling, that is, threading the stator 
over the rotor already in situ must be 
adopted. A simple method, shown in 
Fig. 6, of fitting or removing a two- 
part fan has been adopted by the au- 
thors, each part being inserted or re- 
moved through the side ventilation 
ports in the end shield. Two ports are 
provided to ensure that the fan capa- 
city is fully used; these openings also 
allow easy access, before the fan is 
finally assembled, for bolting the 
coupling disc to the flywheel. 
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In the Handbook of the Society of 
> Automotive Engineers (S.A.E.) of 
‘ New York, details of dimensions of 
engine flywheel housings are given. 
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. Fig. 7 and its accompanying table give 
> particulars of 5 generator frame sizes 
r manufactured to fit engines having 
- S.A.E. flywheel housings which appear 
to fit in well with the general overall 
dimensions of these generators. Fig. 6 
TABLE V 
ALTERNATOR OUTPUTS AND CORRESPONDING NET ENGINE Powers AT 1,000 R.P.M., 
3 Atso Net WEIGHTS AND MARKET PRICES 
Approx. 
- Maximum alternator Alternator market 
output Efficiency Net weight price 
Frame No. kVA. hp. per cent h.p. Ib. £ 
od 2 15 16.1 84 19.2 910 304 
- 2A 25 27 87 31 1,230 369 
3 56 59 89 66.3 1,840 544 
F 4 95 102 91 112 2,680 825 
d 5 200 215 92.5 233 4,250 1,205 
ly 
a= THE POWER PACK 
Anti-Vibration Mounting. An im- energy of vibration of overhung cen- 
be portant consideration is the method  trifugal machines, some of which have 
c- employed to provide efficient anti- baskets 4 ft. in diam. and 3 ft. in length 
so vibration mounting between the set carrying total suspended weights ap- 
ch and a suitable base or foundation. If proaching 1 ton. These baskets may 
ast the action of this mounting is satis- b2 run up to 1,500 r.p.m. with consid- 
he factory and the engine damping good, erable out-of-balance loads without 
he it will be unnecessary to provide elas- showing undue vibration throughout 
ter tic mounting for any of the individual the whole speed range. Buffers of the 
2SS parts. The Magnicon generator, with type indicated in Fig. 8 could be used 
ed its in-line exciter and its rectangular as power-pack supports, probably 
AS- end shield giving access to the exciter using two in line, but this would in- 
tor commutator and generator slip-rings volve the use of torque rods between 
be from both sides, also provides anentry the base and suitable attachment 
in for cooling air. All can be mounted on points on each side of the power pack. 
yO- the generator, switchgear and the en- The use of 3 buffers, 2 under the en- 
Au gine instruments in a box of about 2 gine and 1 under the generator, would 
re- cu. ft. in volume, rigidly bolted to the avoid the necessity for torque rods. 
ion top face of this end shield. To achieve The angle of the buffer cone is im- 
are this simplification it is well worth portant. 
pa- while paying great attention to the ; 
also anti-vibration mounting of the whole Specific Cost of Export Power 
1 is set. Conical buffers offer good facilities Packs. Details taken from Table III 
the for damping and have been used with were used to make an approximate 


success for many years, absorbing the 


359 


check on the weights of engines of 


: 
j 
| 


‘AVSO'ON 8c fe fir COE WE ¢ Ol fos. fee Eee 
Suisnoy “ur “ul “UL “ur “ar ut “ul “UE “ul 


wid S310H 


360 


Ty, g 


STANDARDIZATION OF DIESEL-ELECTRIC POWER PACKS 


G34.) NO wig 


STOW ATWWNOS 


| 
esa) 
| 
| 


STANDARDIZATION OF DIESEL-ELECTRIC POWER PACKS 


British manufacture. From the same 
source particulars are available of the 
exports of Diesel-driven generators. 
For powers up to 200 kW. 9,100 tons 
weight of a total value of approximate- 
ly £4,900,000 were exported in 1952, 
that is, at a specific cost of £540 per 
ton. Earlier in the paper the specific 
cost of British engines was assumed 
to be a maximum of £700 per ton on 


Fig. 8 


the weight basis of curve B (Fig. 1) 
but for power packs the alternator 
figure is £670 per ton, hence the rele- 


vant total figure for these units must 
be less than £700 per ton. If, however, 
this latter figure is taken, then the 
weight ratio is 1:3, that is, about 30 
per cent. of the weight of each unit 
covers such details as_ bedplates, 
switchgear, etc. The details given for 
the exports of complete power packs 
provide a better check on the weights 
of British combined manufactures 
than those already given for engines 
alone. 


A Method of Estimating the Ap- 
proximate Weights and Market Val- 
ues of Power Packs. Fair values for 
what should be the weights and mar- 
ket prices of power packs can be ob- 
tained by the use of curve A (Fig. 1), 
and the specific price constants re- 
ferred to in Appendix I. As an exam- 
ple, assume that the weight and price 
of a 70-kVA., 1,500-r.p.m. alternator 
unit of standard voltage and fre- 
quency is required. As the generator 
is required to produce 70 (1,000/ 
1,500) <800/746 h.p. output, that is, 
50 h.p. at 1,000 r.p.m., and the engine 
50/0.89=56 h.p., the weights and 
prices must be estimated on these out- 
puts as in Table VI. 


TABLE VI 


Weights using curve A 
Fig. (1) for engine 


and altenator Price 
Ib. s. 
A Engine, at 10s, per lb. 1,800 18,000 
B Altenators, at 6s, per lb. 1,700 10,200 
C Switchgear, Fig. 3 120 1,800 
D Undercarriage weight taken as 1/7th 
of (A+B-+C) at 1s. per lb. 515 515 
Total for the complete power pack 
without covering canopy 4,135 30,515 
1.84 tons £1,525 


CONCLUSION 


It may be useful to repeat that, al- so rapidly that it is now an urgent 
though the world’s demand for more necessity to standardize a high-class 
soucres of electric power is now very British power pack. The electrical unit 
great, this demand is still increasing has hitherto constituted the chief ob- 
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struction to efficient standardization, 
but by designing along the lines in- 
dicated, not only are a.c. and D.c. gen- 
erators and their switchgear made 
physically interchangeable but the 
space occupied by these being less 
than that for conventional types, it is 
easier to adapt the parts to build up 
into closely coupled units of small di- 
mensions. 


The prime mover and its associated 
apparatus may therefore be complete- 
ly standardized for all generators of 
equivalent rating. Adapting end-bells, 
bedplates, canopies, etc., for each job 
becomes a thing of the past and bed- 
plate aligning is unnecessary. More- 
over, the user obtains a lighter, more 
compact and more efficient pack, hav- 
ing easily replaceable standard parts, 
at a first cost which should be less than 
that required for the older and more 
haphazard production. The high-speed 
Diesel engine is now a very reliable 
and efficient machine and there is no 
reason why low-speed units (requir- 
ing about %4 ton of concrete per bed 
per installed h.p.) should be used, 
even on permanent sites. 


In many instances it will be more 
economical to install two machines of 
half the power in place of one low- 
speed unit (even in actual capital cost) 
and gain the advantage of spare plant, 
fuel economy in light-load running, 


less wear and tear and more ready 
maintenance. Further, the modern 
generator is so versatile that new ap- 
plications for power packs will be 
found in ever-increasing numbers, as, 
for instance, in the present tendency 
to operate marine auxiliaries on a.c. 
circuits using plain squirrel-cage mo- 
tors with direct-on starters on every 
practical occasion. One limitation that 
arises with conventional generators 
when designed to suit their corre- 
sponding engine capacity is their ina- 
bility to maintain the high transient 
overload currents at the low power 
factors necessary for direct-on start- 
ing without the voltage falling to a 
low and unacceptable value, where- 
as the new generator will start motors 
of practically equal electrical capaci- 
ties without undue voltage drop. 


The introduction of a.c. power on 
ships, particularly in small vessels, 
will result in easier solutions of many 
of the difficulties that still remain 
with b.c., particularly in supply, dis- 
tribution, transformation and switch- 
ing. There are many other new uses 
to which suitable power packs can be 
adapted and all the necessary data 
is now available. If energetically 
adopted there is no reason why the 
British manufacturer should not be- 
come the world’s major producer of 
these units. 
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TABLE VII 


Engine Specific 
Engine Corresponding Engine weight inarket value 
§ H.p. Kngine specific alternator market on alternator on alternator 
< at 1,000 weight weight specific weight Percentage price basis basis 
* Engine — r.p.m. Ib. lb. perh.p. Ib. perh.p. difference £ tons £ per ton 
B as 29 1,500 51-8 44 18 523 0-569 920 
2 36 1,600 44-5 40 11} 560 0-642 873 

ae 435 2,000 46 36-5 26 684 0-71 965 
Y 4 59 2,500 42-5 31-5 35 768 0-83 925 
& 5 91 3,250 35-7 27 32 984 1-10 863 

, ct 6 100 3,400 34 26-5 28 1,059 1-173 903 

7B 1 27 1,708 63 453 40 390 0-546 715 

f 4 Q* 36 2,100 58-5 40 46 495 0-643 770 

50 2,688 53-8 34 58 750 0-75 985 
4 66 3,853 30°5 95 890 0-9 990 
s 5 100 5,936 59-36 27 122 1,190 1-2 990 
oc 33 1,290 39-2 40 ~2 515 0-59 873 
b 

B i 7 330 47 70 —32 154 ()-22 700 

<F 1 42 1,480 35-3 37 810 0-693 1,170 
= 2 64 1,700 26-6 30 —11l 960 0-860 1,120 
z 100 3,650 36-5 27 +35 1,875 1-2 1,560 
aul 57 2,100 37 32 15 880 0-815 1,080 
4 2 80 2,500 31-3 28-5 10 1,200 1-02 1,180 

, A 3 107 3,000 28 26 7-5 1,500 1-25 1,200 

= H 1 36 1,430 40 40 Zero 711 0-643 1,110 

| 2 62-5 2,300 36-6 30-5 20 968 0-84 1,150 


* Hand starting 
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APPENDIX I 


Table VII gives details of the 
weights and approximate values of 
I.C. engines of several British manu- 
facturers. It was the original intention 
to include in the engine weights and 
prices, every normal accessory, for 
example radiator, fan, exhaust system, 
fuel tank, electric starting equipment 
(without battery), but such items as 
radiator supports, flexible piping, 
drain taps for the filter system and 
even silencers may have been missed 
in this approximate survey. Never- 
theless, although the basic informa- 
tion may not be uniform. Table VII 
reveals the tendency of British en- 
gines to reach uniform weight values, 
and specific market prices to become 


constant over wide output ranges. 
Fourteen engines, A to E, have a spe- 
cific market price averaging between 
£900 and £1,000 each, whereas this 
figure lies between £1,100 and £1,200 
for the 7 engines F to H. 


Engines B1, B2 and E are arranged 
for hand starting, but if the extra 
price for electric starting for each of 
these is allowed for their specific val- 
ues would also be well within the lim- 
its of £900 to £1,000 Although engine 
E is very light (being constructed 
chiefly of light alloys) it provides a 
contrast to engine B5 which is very 
heavy, but both fall into the same cate- 
gory when compared on the basis of 
alternator weight. 


APPENDIX IT 


The reason why the specific cost of 
I.C. engines remains fairly constant 
over a wide range of outputs is that 
the value of any material is dependent 
only on the value of the man-hours 
expended to produce it; for example, 
a ton of coal when brought to the sur- 
face has a value strictly proportional 
to the work done in raising it. If it be 
assumed that the final value of an en- 
gine in man-hours at the usual rates 
is 100 per cent., this might be divided 
approximately as follows: 30 per cent. 
for what is usually called raw mate- 
rials and 70 per cent. for labor, over- 
heads, and a profit on the turnover. 
For electrical machinery those pro- 
portions are assessed reasonably ac- 
curately (and do not vary appreciably 
from year to year) at 50 per cent. for 
material, and 50 per cent. for the re- 
mainder of the items, if the material 
(as is usual) consists of finished core 
stampings, insulated and formed cop- 


per, unmachined castings, such ac- 
cessories as brushes, ball-bearings, 
and the like. In considering the specific 
cost of a range of engines there is no 
reason to assume that the specific 
cost of the raw materials used in small 
engines is different from that for large 
engines, and it is reasonable that the 
man-hours’ cost accumulated during 
completion in a manufacturer’s works 
is in quite good proportion to the 
weights of the materials used, partic- 
ularly when the engine power, man- 
hours consumed and weights may be 
raised by the use of an increased num- 
ber of cylinders only. Finally, the use 
of a relationship between torque and 
specific weight as indicated by curve 
A, Fig. 1, discloses the anomalies be- 
tween engine ratings which appear in 
Table VII. These could presumably be 
eliminated to give a range of engines 
having uniform maximum power: 
ratios. 
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“TI place economy among the first and most important virtues, and public debt as 
the greatest of dangers to be feared. To preserve our independence, we must not 
let our leaders load us with perpetual debt. We must make our choice between 
economy and liberty, or profusion and servitude. The same prudence which in 
private life would forbid our paying our money for unexplained projects, forbids 
it in disposition of public money. We are endeavoring to reduce the government 
to the practice of rigid economy to avoid burdening the people and arming 
the Magistrate with a patronage of money which might be used to corrupt the 


principles of Government.” 


The foregoing represents something 
pretty close to the quintessence of 
good horse-sense. 


The guidance is specific. It is the 


antithesis of generalization. 


Current pronunciamentos on the 
subject of economy are frequently 
masterpieces of generalization, and as 
such tend to defeat the accomplish- 


365 


—THOMAS JEFFERSON 


ment of the very purpose for which 
they are designed. 


Dangers of generalization are always 
present, and current examples, where- 
fore Government Departments are 
castigated for alleged wastefulness 
and inefficiencies, particularly the 
Armed Services, are no exception. 


The present call for more economy 
is completely justified; economy is 
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always a worthy cause. The galloping 
diminution of the purchasing power 
of the U.S. dollar is a strident warn- 
ing for all of those with eyes to see, 
and ears to hear, that it is time to call 
a halt to our excessive national ex- 
penditures, or face the consequences 
of national bankruptcy. 


The assumption, however, of some 
of the ruling politicos that heads of 
Government Departments lie awake 
of nights planning ways in which to 
dissipate the taxpayers’ hard-earned 
dollars, has been expressed so often 
in terms of broad generality, that the 
need for corrective action has not 
always been generated, and in its 
place there tends to develop a feeling 
of indifference. 


While exhorting the services to 
practice greater economy, it should be 
noted that economical operation has 
always been, and always will be, an 
essential characteristic of the Navy. 
The Navy depends for its life on the 
effective economical manipulation of 
machinery, which is of the very es- 
sence of this Service’s ability to fulfill 
its mission—a situation which has 
existed in accelerating degree since 
the transition from sail to steam. 


From the day of his indoctrination 
till the day he retires, the Naval officer 
must possess, as an essential part of 
his professional proficiency, an in- 
stinctive capacity for economical op- 


eration. The last knot of available 
speed attained with the minimum rate 
of oil consumption, the ultimate of 
total miles of cruising radius on oil 
bunker capacity, the maximum dam- 
age to the enemy with the smallest ex- 
penditure of missiles, and last but by 
no means least, the aviator, returning 
from a distant mission, seeking his 
carrier, must forever keep before him 
that his ability to get back to the deck 
is dependent on the training which en- 
ables him to stretch out his fuel supply. 
In all of the foregoing, it is the ability 
to survive which is at stake. Truly, the 
ultimate penalty for the uneconomical 
operator. 


A ship at sea is an entity. There are 
no conveniently adjacent warehouses 
wherein to stow surplus gear. The very 
essence of good sea-keeping economy 
lies in the most efficient management 
of available space and supplies. Econ- 
omy in the use of space and supply 
operation is a must. It is the sign man- 
ual of the efficient officer, and it all 
adds up to a type of training, which, 
ashore or afloat, makes the Naval 
officer abhor waste in any form. 


It is hardly conceivable that person- 
nel, so thoroughly trained profession- 
ally, could, under any circumstances, 
be consciously guilty of wasteful prac- 
tices, especially when coupled with 
this training, is that additional educa- 
tion generated by having to live at an 
established standard on relatively 
meager pay and allowances. 


WHERE CAN THE DESIRED ECONOMIES BE MADE? 


The search, to be effective, must be 
all embracing, and as the larger econ- 
omies necessarily must be generated 
at the top, a review of global missions 
could be in order. If the funds where- 
with to support these missions are 
simply not available, then global mis- 
sions, logically, must be contracted, or 
some of them abandoned. 


Top management, having made sure 
that major missions are reduced to 


lowest safe minimum, next in line 
come searching reviews of mannings, 
ships, and facilities. 

At this point, it is imperative that 
basic ground rules be recognized, 
promulgated and accepted; otherwise 
there exists danger that the profes- 
sional Naval operator may be over- 
ruled and hamstrung by zealous civil- 
ian administrators, with disastrous 
consequences, spelled out in terms of 
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failure to accomplish the minimum re- 
quired military missions. 


It is as good a rule in Government, 
as it is in business, for individuals to 
stick to chosen professions. While the 
management of money cuts across all 


functions, there exists, however, a well 
defined deadline to professional knowl- 
edge and competence, beyond which 
neither participant in the discussion 
can step without endangering the end 
result, which both desire with pre- 
sumably equal fervor. 


THE MECHANISM OF ECONOMY BUDGETING 


Careful budgeting is the proven tool 
which, if properly generated and ad- 
ministered, will accomplish the de- 
sired end, resulting in orderly, if not 
painless, solution of the problem of 
basic managerial planning. 


Ground rules are simple, but rigid. 


There is neither sense nor reason, 
and much less safety, in a condition 
of affairs where an operator, knowing 
that his budget submittal will be cut, 
deliberately asks for more than he ex- 
pects to receive, hoping that the net 
allotment will amount to his precon- 
ceived minimum of funds required to 
cover essential operations. Unfortun- 
ately, human nature being what it is, 
this process has grown to be a prac- 
tice, and it is only in its complete eradi- 
cation that there exists hope of a per- 
manently honest form of budget formu- 
lation. 


Ground Rules 


a. Budgeting must be done by thor- 
oughly experienced, intellectually hon- 
est, professionally able personnel, 
drawing freely on best available pro- 
fessional Naval and fiscal advice. 


b. The budget must be firm; it must 
be irrevocably tied to the missions as- 
signed, otherwise personnel charged 
with accomplishment will lack confi- 
dence to the point where subterfuges 
will be automatically written in. 


c. The budgeted funds must be 
promptly available for implementation 
on or before the period of applicability. 
The budget must intelligently antici- 
pate requirements up to the limit of 
best human foresight. 


d. The budget must be patterned on 
past experience, but with due regard 
to carefully anticipated needs of the 
future, not the next twelve months, or 
fiscal year, alone, but to the future of 
a country which expects to stay in 
business indefinitely. In other words, 
the budget must be a calculated con- 
tribution to the “mosaic” pattern of 
the nation’s accepted destiny. 


e. The budget, once devised and 
agreed to, must become the loyally 
accepted “bible” for every last hand 
in the Service. If it is as good as it 
should be, the measure of its careful 
execution is the yardstick of manager- 
ial efficiency and effectiveness. 


Detailed Administration of a 
Policy of Economy 


a. A constantly repeated indoctrina- 
tion for all hands. The example must 
be faithfully set by the top echelon of 
management, and the indoctrination 
made a continuing effort down the 
line. The mere reiteration of the word 
economy, will accomplish nothing. It 
must be made as simple and direct as 
the lesson which is imparted to the 
small boy concerning playing with 
matches. 


b. Staff discussions are a necessity, 
inasmuch as down the line supervis- 
ors, seldom knowing all the facts avail- 
able to top management, are frequent- 
ly at a loss to understand why some 
apparently expensive move is made, 
and get the impression that the boss’s 
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talks on economy are largely lip serv- 
ice. 


c. While the larger economies of op- 
eration must necessarily stem from 
the top, no detail of operational man- 
agement should be too small to receive 
prompt, but not labored, attention. 
American operators are quick to learn 
and can soon appreciate that wasteful- 
ness can and does cut into their earn- 
ings. 


d. In those organizations where 
economy of operation is now para- 
mount, it is noteworthy that the 
“game” is played in the team spirit. 
The first essential of a good team, is 
a good captain. 


Designer’s Contribution 


Economical operation, to be consist- 
ent, must stem from the grass roots of 
organizational thinking. For instance, 
economy in the use of materials starts 
in the mind of the designer long before 
he puts a line on paper, whether that 
line be on a drawing board or a line of 
type in a specification. 


It is relatively easy to design ma- 
chinery which will function satisfac- 
torily when one uses the most expen- 
sive materials which are given the 
most expensive kind of processing 
treatment, but the smart designer is 
the man who can get functional reli- 
ability for anticipated life, while using 
more readily available and possibly 
cheaper materials, processed in a 
cheaper way. Competition between in- 
dividual concerns, and competition be- 
tween industries, provides the spur 
which generates this kind of thinking. 
All competitive business is, in prin- 
ciple, cannibalistic, and the wasteful 
operator soon becomes food for his 
better managed competitor, either 
through the medium of a merger at a 
bargain price, or as a result of bank- 
ruptcy. 


Contracting Department’s 
Contribution 


The contracting, or purchasing de- 
partment, which must, per se, pro- 
cure raw materials and some of the 
finished components which go into the 
composite end product, next is in line 
to make its contribution to the econom- 
ical generation of the end product. 


It is in this department that the need 
for exercising of Solomon-type judg- 
ment exists in adjudication of the 
merits of bidders competing for raw 
material orders. 


Just as the slow, over-cautious Mr. 
Milquetoast at the wheel of his auto- 
mobile is as great a hazard on the 
highway as the speed hog, so the over- 
ly low bidder is invariably a major haz- 
ard to the program, and timetable, for 
the production of the end product. Ex- 
perienced buyers soon learn to detect 
the green supplier who does not know 
his costs and, therefore, bids too low 
with all the miserable consequences 
which go with such an experience. 
There are few manufacturers who have 
not learned to echew the fly-by-night 
adventurer who will step in, and 
jimmy up the production schedule by 
failure to deliver, when he finds that 
delivery means a financial loss to him- 
self and his company. 


The process of selection of a reliable 
contractor can be reduced to an exact 
science, based on a simple quantitative 
qualitative analysis of that bidder’s re- 
liability in his own chosen field of en- 
deavor. 


Outlined on the next page is a typi- 
cal example of just such an analysis 
of almost classical simplicity. The 
guidelines are simple. Avoid wherever 
possible, matters of opinion, and place 
reliance only on matters of provable 
fact. 


It is a sine quo non of good organi- 
zation that the purchasing, or contract- 
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Award should go to Bidder “B.” 


Bw ANALYSIS 


Reputa- 
tion in 
Delvy Labor No. Yrs. 
Relia- =xpe- Labor Facil-Avail-Manage- in the 
ae Price _ bility rience D&B Market ities ability ment Business Score 
actor 
Weighing 20% 15% 15% 10% 5% 15% 10% 5% 5% 100% 
A 20 5 0 5 0 5 10 3 1 49 
B 0 15 8 5 5 15 10 5 5 68 
Cc 8 8 10 5 0 10 5 2 2 50 
D 4 8 5 10 3 5 5 5 3 48 


ing, department, whether private or 
governmental, be intellectually hon- 
est enough to evaluate the simple 
word “reliable,” which appears in the 
law which demands three bidders and 
the award of the contract to the low- 
est “reliable” bidder. 


Weight percentages can be assigned 
to each of the factors making up the 
basis for the award of a contract. 


The percentage of weight allocated 
: to each element will, in all cases, vary 
| according to the nature of the situation 
which exists. During wars it is not un- 
common to allocate 50% or more of 
the merit points to the contractor of- 
fering the shortest delivery. In the 
example quoted above, which is as- 
sumed to be a peacetime operation, 
only 15% advantage is given to the 
contractor offering the shortest deliv- 
ery (reliable). 


The directors of purchases, of large 
industrial concerns, like the contract- 
ing officers of large and small govern- 
ment departments, must under all cir- 
cumstances protect the interests of 
their employers by clearly defining 
“reliability” in the evaluation of a 
prospective contractor. Any official, 
either unwilling or incapable of doing 
this, is unworthy of his job. 


Adherence to the foregoing broad- 
gage rules insures the most economical 
overall procurement of the raw ma- 
terial from which the end product is 
made. 


Production Management 


The tempo of the times in which 
we live dictates the need for relatively 
high rates of remuneration for the 
manual worker who operates the ma- 
chine tools of industry. Conservation 
of this expensive manpower is, there- 
fore, a primary must for good opera- 
tional management. 


A few extra hours spent on the plan- 
ning of the types and sequences of 
fabricating operation can be made to 
pay dividends in the form of savings 
of many hundreds of thousands of 
manhours after the raw material and 
the job tickets reach the machine shop 
floor. In such planning work there is 
no substitute for practical experience, 
and the savvy general manager will 
go to great lengths to insure that this 
reliable practical experience backed, 
of course, by equally adequate basic 
engineering training is really in con- 
trol of his planning and processing de- 
partment. 


Economy in the field of manpower 
achieved through proper sequences of 
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operations, the elimination of unneces- 
sary operations, and above all, the wise 
supervisory guidance of an inspection 
department which reports independ- 
ently to general management and not 
to production management, all add up 
to economy of the first degree. 


Welding in the Shops and in the Field 
is a phase of fabrication where much 
money and time can be saved. 


An outstanding anomaly exists in 
the design phase of shipbuilding. The 
hull is designed to make the fullest 
use of its material components accord- 
ing to established criteria, but hull fit- 
tings, for instance, are still specified 
for which “Standards” were estab- 
lished more than twenty years ago. In 
addition, functional components are 
specified for which tailor-made foun- 
dations are required. Provision of 
standards incorporating simple, adjust- 
able, attaching devices is an economic 
challenge. 


Fabricating processes accrue which 
require the use of expensive castings 
which must be machined. Imperfec- 
tions, particularly in small castings add 
to cost by either repair or rejection. 
Expensive incorporation techniques, 
such as silver soldering brass deck 
drains to a surrounding steel band to 
provide a weldable connection to the 
steel deck is a typical case of uneco- 
nomical specification. Hundreds of such 
fittings are required for each ship. 


Mooring bitts is another instance of 
unrealistic standards. The junctures of 
the steel cylinder with base and cap 
are built up with a convex fillet weld 
and ground smooth to finish. As these 
fillet radii are not equal to the radius 
of the mooring lines, it is obvious that 
the cheaper method of fabrication 
would be to swedge the cylinders, or 
hot form in halves subsequently butt 
welded together, thus reducing the 
manual welding and grinding while 
retaining functional utility. 
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The problem of correct technique 
in the application of welding is appar- 
ent in almost all applications of fillet 
welding. Too little effort has been 
made to understand the technique of 
fillet welding and, as far as can be 
discovered, there is no publication 
which attempts to present, in workable 
form, the fundamentals necessary to 
a working knowledge of the theory of 
efficient design. 


The General Specifications for 
Building Vessels of the U.S. Navy 
delineate a broad guide for design use 
of welded joints. It is obvious from a 
study of the table of efficiency of 
double fillet welds contained therein 
that this guide is not motivated by 
economy in fabricating costs. 


In the smaller fillet, sizes 3/16 to 3/8 
inch, within which a large portion of 
the workload lies, it is the rule to 
specify larger sizes than needed in 
this way: 


Evaluation of actual requirements are not 
made in the design area in particular 
when the efficiency of the smaller weld 
exceeds 90%. Examination reveals an in- 
crease of welding out of proportion to 
theoretical gain. In these areas it should 
be realized that increases as small as 1/16 
inch in leg length of a fillet weld result in 
overwelding that cannot be justified. This 
can readily be demonstrated by comparing 
the areas—hence material deposited—in 
this range. 


Size of Fillet 3/16 1/4 5/16 3/8 
Proportion | 178 248... 400 
i. 156 2.25 

1.44 


In material requiring larger fillets, 
it is the general practice to ignore the 
probable economy of using groove 
welds. If this analysis were to be made 
part of a design requirements, it would 
be obvious to the designer that the 
thinner member is the weak link and 
the weld would be proportioned to de- 
velop the strength of that member. 
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A recent observation showed a 11/16 
fillet specified where the strength of 
the thinner member would be devel- 
oped by use of a 3/16 fillet. This repre- 
sents an oversizing of more than thir- 
teen to one requiring electrode pur- 
chase far in excess of actual need. 


In practice, it is readily observed 
that the incentive systems in indus- 
try tend to reduce the ultimate effect 
of overwelding by the operator driv- 
ing for footage with acceptable qual- 
ity, while in government plants the 
accent is on quality and not quantity, 
resulting in overwelding. 


Even as the budgeteer asks for 
enough to be able to accept the cut 
he knows will be made, those detailing 
welding appear to have been motivated 
by a desire not to be caught short. 


The result is a definite need for edu- 
cation in the economics of welding 
specification and an insistence that 
processes best suited to economically 
producing the required result be util- 
ized rather than taking the line of 
least resistance and specifying out- 
moded, expensive and uneconomical 
“Standards.” 


ECONOMY IS A HABIT OF THOUGHT 


With a hypothetical product, wheth- 
er it be a unit of machinery, a ship, 
a locomotive, or a house, ready to be 
turned over to the man who has bought 
it, a good searching look-back through 
the moves which were made to create 
this thing, can well be in order. 


Sight must never be lost of the fact 
that dollar savings are made up in 


increments of cents, and a systematic 
paring of fractions of cent cost all along 
the line from designer’s concept, to cus- 
tomer’s acceptance, is the kind of 
treatment which creates the ground in 
which flourishes that delicate but 
beautiful little flower, known as an 
industrial profit. 


CONCLUSIONS 


There exists no basic difference be- 
tween the task of confronting the ex- 
ecutive of a commercial organization 
and the tasks of officers and civilian 
officials of the Armed Services. Many 
years experience in both capacities 
confirm this statement. 


Most of the red tape, which business- 
men find so irksome when assuming 
a government position, is necessary 
because of one very simple reason, i.e., 
in the spending of public funds the 
records must always be _ publicly 
available, and with relatively rapidly 
changing personnel, reliance cannot be 
placed on some individual’s memory, 
hence, the red tape which is in essence 
the recording of significant actions 
within the chain of command. 


Efficient business concerns keep 
minimum, but adequate and reliable, 


records of all transactions. Frequently 
records are a legal as well as a prac- 
tical necessity, and furthermore as 
young sprouts qualify for minor man- 
agement positions documentary rec- 
ords provide the intellectual fodder 
wherewith to feed their immature 
brains. The problem of properly bring- 
ing up the young men is forever before 
us, and those who neglect it, automati- 
cally encompass their own ruin. Good 
records greatly ease this task for all 


concerned. 


The Jeffersonian philosophy, out- 
lined in the preamble to this article, is 
of the very essence of the American 
concept of personal freedom reinforced 
with economy. 


The philosophy of economy, inter- 
preted in terms of everyday life, calls 
for the setting up of dynamic policy, 
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and this means actions rather than 
words. Under dynamic leadership, it 
rapidly becomes patent that good op- 
erational management demands that 
every participant subscribe to the 
creed of economical operation. 


Words are great deceivers, and the 
worst offenders of all are the weasel 
words written into the voluminous 
memoranda which bedevil the military 
operator, now as always. 


It is noteworthy that the great Duke 
of Wellington registered his protest in 
no uncertain words when he addressed 
the Secretary of State for War, in the 
following brief letter: 


“My Lord— 


If I attempted to answer the mass of fu- 
tile correspondence that surrounds me, I 
should be debarred from all serious busi- 
ness of campaigning. 


I must remind your Lordship for the last 
time, that as long as I retain an independ- 
ent position I shall see that no officer un- 
der my command is debarred by attending 
to the futile driveling of mere quill- 
driving in your Lordship’s office from 
attending to his first duty — which is, 
and always has been, so to train the pri- 
vate men under his command that they 
may, without question, beat any force op- 
posed to them in the field.” 


Truly a case of adherence to a con- 
cept of economy in the professionally 
directed employment of men. 


In the last analysis, it is the Navy’s 
ultimate mission to fight, and it takes 
no great stretch of imagination, and 
draws not on the tortured mind of a 
savant to realize that economy in the 
use of available funds gives us more 
to fight with, hence improves our abil- 
ity to do the kind of job that this great 
country deserves and demands. 
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SOME MANAGEMENT CONCEPTS FOR 
ENGINEERS 


CAPTAIN R. E. W. HARRISON, USNR 


The valuable contributions to engi- 
neering knowledge and practice made 
by the Battelle Memorial Institute are 
sufficiently well known to attest to their 
value. The following extract from the 
Battelle Technical Review, written by 
Clyde Williams, President of the In- 
stitute, indicates the growing percent- 
age of engineers in the ranks of top 
management. 


“Revolution in Industrial Management. 
One of the aspects of the Technological 
Revolution is the changed composition of 
industrial management. Recent surveys 
indicate that engineers occupy about 20 
percent of the top executive posts in lead- 
ing industrial corporations. Engineers now 
outnumber both lawyers and bankers as 
board chairmen and presidents of indus- 
trial corporations. In the newer industries, 
based directly upon the results of research, 
engineers and technologists frequently 
compose a substantial majority of the 
board of directors. 

This shift in the makeup of management 
is, of course, an effect of the changed na- 
ture of our industrial economy. A highly 
technical industry requires men with tech- 
nical training to understand and guide 
it. Competitive survival demands sound 
appreciation of technology at the policy- 
making level. 

When any profession gains dominant 
voice in industrial management, our eco- 
nomic development reflects that domin- 
ance. Thus, when the bankers and finan- 
ciers were dominant, we experienced great 
capital expansion and the development of 


our financial structure. The lawyers de- 
veloped our corporate organization and 
lines of liaison with government. Sales 
people have put the accent upon mass 
marketing and consumption and have 
been responsible for our advertising and 
distribution systems. Technical people in 
management will inevitably think along 
technical lines and give impetus to tech- 
nical development. Thus the Technologi- 
cal Revolution — which has put tech- 
nologists into top management—will be 
stoked into great activity by the manage- 
ment it has created. 


This can only mean more and more cor- 
porate research, greater competition, and 
better products for the public. It means, 
too, a different approach to economic and 
social problems. Technical people tend to 
think in concrete terms rather than in 
symbols and are likely to look askance 
upon proposals too far removed from 
basic concepts and principles. Thus, over- 
production of a commodity will usually 
be regarded by the technologist as a sign 
of underdevelopment of its utility, rather 
than as a need for restriction of production. 
World problems are more likely to be 
thought of in terms of materials, energy, 
and resources, rather than in the usual 
terms of finance, control or political ideol- 
ogies. 


Engineers and technologists in manage- 
ment will also help further management 
relations with the public. The public ap- 
preciates the results of technical research 
and development and has high regard for 
the engineer’s desire to maximize produc- 
tion. The laborer and tradesman can un- 
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derstand technical people, while they may 
have difficulty in understanding profes- 
sions less closely allied with laboratories 
and shops. In turn the engineer and tech- 
nologist understand the aspirations of 
workers all along the line and bring to 
the management team an insight into hu- 
man nature as well as their guidance on 
technical decisions.” 

CLYDE WILLIAMS 

President 

Battelle Memorial Institute 


This article, dealing with manage- 
ment concepts, is designed to draw at- 
tention to some of the aspects of gen- 
eral management which engineers need 
to brush up on as part of their training 
for assumption of ultimate responsibil- 
ity. 

The degree of acceptance or rejection 
of managerial responsibility governs 
the productivity of enterprise, whether 
it be the building of a new wing for 
The Church, the solving of the park- 
ing problem in D.C., the decision to 
use diesel electric instead of steam for 
motive power for a railroad, the pur- 
chase of some improved type machine 
tools for a factory, or, perhaps closer to 
home, the decision to buy, build or 
rent a larger house to accommodate a 
growing family. 


Management’s occasional evasion of 
its responsibilities for the provision of 
leadership can and does cost lives, 
money, time, security and good humor, 
and it is safe to say that due to the 
rapidly growing complexities of mod- 
ern life, the mantle of responsibility 
which must be assumed by manage- 
ment now calls for a quality of percep- 
tive brain power on a par with that 
which in former days would have been 
regarded as pure genius. 


Fortunately for all of us, there has 
been a concomitant growth in the util- 
ity and productivity of the tools avail- 
able to management designed as aids in 
analysis of problems, and execution of 
approved solutions. 


This paper deals primarily with the 
question of responsibility for the pro- 
vision of leadership. If the new wing 
to the church is not built economically 
and on time, who in the last analysis 
must accept the responsibility for what 
amounts to a dereliction of duty? If 
lives are lost at street intersections in 
the Capital of the Nation because of 
failure to deal with traffic and parking 
problems, who is the ultimate indi- 
vidual who can be called on to give an 
accounting for failure to do his obvious 
duty? If the XYZ Railroad approaches 
near bankruptcy because of its failure 
to compete for the passenger and 
freight traffic of the area it serves, who 
must take the rap for devaluing the 
stockholders’ shares? If the ABC Fac- 
tory must lay off its hands and splash 
red across its year-end balance sheet 
because its machine tool equipment 
will not compete in productivity with 
that of a fellow company in the same 
line of business, who must assume the 
stigma of managerial incompetence, 
and again, last but not least, if an other- 
wise sane and normal family breaks 
up, quarrels, and scatters to the four 
winds in disgust, who is the family 
manager who eventually must look 
Saint Peter in the eye and say, “I did 
this thing!” 

As always, in common justice, the 
prisoner at the bar (after we have 
caught him) must, of necessity, be as- 
sumed innocent until proven guilty, 
hence, although in the long run the de- 
faulting titular head of an organization 
may, and probably will, have to take 
the blame for the resulting confusion 
and loss, there may exist ameliorating 
circumstances which will dictate that 
he not be put to death, but that he at 
least subject himself to a course of in- 
struction which will, in short order, 
induce him to mend his ways. 


In those cases where top manage- 
ment defines and accepts the ultimate 
responsibility, the rectifying of mis- 
takes is a comparatively easy matter 
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It is not nearly so easy to deal with 
the manager who has had written for 
him, or who has been permitted to 
write for himself, a constitutional set- 
up which permits him to dilute his re- 
sponsibilities. 

Much legal acumen has been ex- 
pended in what might be termed the 
fine and almost unreadable print of 
such set-ups, but in the last analysis 
these organizational fog-bound areas 
border on evasion of responsibility, le- 


gal, moral and practical. 


The management of a modern enter- 
prise calls for the exercising of scien- 
tifically guided judgment predicated on 
ability to make broadgage analyses of 
each and every situation singly and in 
combinations as they may arise. 

There exists no known substitute for 
adequate training in this science. Sound 
and completely effective decisions to- 
day are practically never instinctive, 
except where moral issues are con- 
cerned. It therefore follows, that the 
successful manager of current enter- 
prise must be equipped with a well de- 
fined, scientifically balanced training 
which will permit him to seek out and 
self-educate himself on those ele- 
ments which he does not now know, 
and on which he, as a public or private 
servant of a corporation, is morally, 
legally and financially obligated to in- 
form himself. 


The Tools and Vehicles of Evasion 


When making an examination aimed 
at disclosing the degree of ultimate 
responsibility assumed by the manage- 
ment, it is always helpful to bear in 
mind those tools and vehicles of evas- 
ive action which are most frequently 
made use of, when things have gone 
wrong and someone has to produce a 
sacrificial goat. 


The Charter 


Let us consider first the charter of 
the company, or corporation, or gov- 
ernment department, which presum- 


ably spells out the purpose or objec- 
tives and/or ultimate aims. 


Most every schoolboy recalls one of 
the first great charters in history, i.e., 
the Magna Charta, forced on King John 
on England and designed to suppress 
his personal tyranny. While it is true 
that this charter transferred John’s 
despotic power in large extent to a 
committee of Barons, it nevertheless 
spread the base and defined some areas 
of responsibility. 


Through the subsequent ages, the 
practice of writing a charter for busi- 
nesses, big and small, has persisted 
with probably none in quite so good re- 
pute as that which we know as the 
American Constitution and Bill of 
Rights. At no time in the history of 
mankind has any charter so adequate- 
ly defined rights and responsibilities 
for a group of people, the Fifth Amend- 
ment notwithstanding. 


The avoidance of provision of a writ- 
ten charter as a sheet anchor for the 
British constitution has only been pos- 
sible in an orderly community by the 
availability of close knit tradition and 
an almost universal respect for the law 
of the land. However, the obvious de- 
cline in the power and prestige of 
Great Britain, during the last forty 
years, can, in many of its phases, be 
traced to the recalcitrance of depend- 
encies and people in Colonial status 
who refuse to continue their total al- 
legiance on verbal assurances that 
everything would be all right, but with 
nothing in writing to define what “all 
right” means. Verbal assurances were, 
in large measure, effective when given 
by people of honorable intent a century 
ago, but at that time the degree of illit- 
eracy probably exceeded 60% for the 
population, whereas today the figures 
are reversed, and in most of these 
places illiteracy is well below 30%. 


It is a sine qua non that those who 
can read and write, instinctively feel 
the need of something to read, and 
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verbal assurances, unsupported by 
a piece of readable, authoritative pa- 
per, leave the kind of void which makes 
for trouble. 


If we follow the line of argument 
down to the last unit of communal life, 
ie., the family, no further argument 
seems entertainable when we consider 
the mother’s right to her marriage cer- 
tificate. 


The Organization Chart 


This imposing looking document is a 
necessary tool for efficient operation in 
an age of rapid change. In wordless 
fashion it settles arguments as to who 
is in charge of what, and when prop- 
erly executed, it is a desirable and 
utterly necessary appendage to the 
Constitution. 


There are, however, a great many 
people who deride the utility and prac- 
ticality of an organization chart, but 
it is safe to say that this derision stems 
from one or two basic motives, i.e., a 
desire to profit by a disorganization, 
or to indifference. It is always a fair 
question to ask when confusion pre- 
vails—“who profits by this confusion?” 
—and not an unknown offender in this 
regard is the man in charge who is 
thereby permitted to pin his own. fail- 
ures and shortcomings on to his sub- 
ordinate’s shoulders, or as is more com- 
monly the case, to deny recognition in 
the form of compensation to someone 
who is carrying an uncommonly heavy 
but undefined and unspecified work- 
load not locatable on the organization 
chart. 


Spelled out in the simplest language, 
avoidance of provision of an adequate 
organization chart means that manage- 
ment mistakenly thinks it is profiting 
by the ensuing and inevitable confus- 
ion. 


Job Descriptions 
It was undoubtedly demands for job 


definition by the trades unions which 
forced the issue on writing job descrip- 
tions, and the practice has spread until 
it has become almost a national pas- 
time. When this job description is done 
with simple, direct honesty, and with 
all ambiguity either avoided or weeded 
out, the job description is the natural 
counterpart of the organization chart. 
However, in large organizations, equip- 
ped with personnel departments, 
staffed by people unable or unwilling 
to understand the technicalities of the 
business, the opportunities for the 
preparation and acceptance of phony 
job descriptions are legion, and when 
unchecked the practice can develop 
into a reprehensible racket. 


Who, then, must shoulder the blame 
for such a state of affairs? None other 
than the big boss himself. Tolerance of 
an obvious intellectual dishonesty in 
any part of the business structure can 
be and often is the one bad apple which 
will rot the barrel if permitted to go 
unchecked, and just as a professed ig- 
norance of the law is no excuse for its 
non-fulfillment, so with equal logic is 
tolerance of an inflated job description 
formula equally a matter of neglect of 
obvious duty. 


Ambiguities in Specifications 


Just as in the case of false or inflated 
job descriptions, so in equal measure 
is the issuance of ambiguous specifica- 
tions a matter calling for prompt cor- 
rection. Practically everything in this 
life can be defined within reasonable 
and acceptable tolerances, whether it 
be a promised delivery date, a dimen- 
sion on a shaft, the efficiency of an elec- 
trical conductor, or the amount of pow- 
er to be delivered by a turbine. Inade- 
quacy in definining specifications leads 
automatically to poor acceptance tests 
and worthless certifications. 


Whose job is it to see that specifica- 


tions are adequate ?—no one other than 
the big boss himself. True, he can and, 
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in fact must, delegate his authority; 
otherwise how could he insure that all 
the supervisory jobs be accomplished? 
When failure to accomplish the as- 
signed mission stands stark naked for 
all to see and condemn, who, but the 
titular head of the organization, must 
shoulder the responsibility? 


The Engineer cannot bury his mistakes 


The bridge which totters in the wind, 
the locomotive which will not pull its 
specified load, the ship which will not 
make its designed speed, the boiler 
which will not deliver its rated power, 
the lathe which will not turn out its 
accurate work; all these things stand 
out like sore thumbs and are recog- 
nized for what they are. Truly the engi- 
neer is on the spot. Unlike the unsuc- 
cessful lawyer who burns his papers 
and retires to Florida, unlike the poor 
doctor who plants the customers in the 
cemetery, and unlike the dozens of oth- 
er professional people who deal in rela- 
tive intangibles, the engineer must so 
manage his affairs that if his reputa- 
tion as a good workman is to be sus- 
tained, he cannot have present too 
many of these monumental white ele- 
phants. In addition to his engineering 
training, the engineer must be a man- 
ager of great capacity, and it is for 
whatever benefit he can derive from 
it, that this paper on Management Con- 
cepts is dedicated. 


That which is needed 


In this day and age many and varied 
and often quite subtle, are the attacks 
on the concept of discipline. It would 
seem at times that our civilization, hav- 
ing advanced so rapidly in the field of 
mechanization expressed in terms of 
lightened human labor, that the hu- 
mans, having freed themselves of this 
burden, now seek to free themselves 
of their patent personal responsibil- 
ities. 


There are many lessons to be learned 


from that next to the oldest profession, 
the profession of arms, wherein it has 
been demonstrated through countless 
ages, that only through the medium 
of acceptable discipline can the will of 
the mastermind be exercised, and vic- 


tory achieved. 


What, then, is the parallel? Simply 
this—the root of a great many of our 
managerial troubles lies in the lack of 
industrial discipline which, in essence, 
must spring from the top echelon of 
management. 


This is not the kind of discipline 
which is promulgated at every turn by 
rules and regulations, necessary though 
they be in minimum workable volume, 
but that brand of discipline which 
manifests itself in continuous applica- 
tion to the job during prescribed hours 
of work; also in that inwardly personal- 
ly imposed variety, which eschews 
morale breaking, special privileges 
obviously at odds with the decor of the 
organization. 


In the Services, it is the disciplined 
regiment which is the happiest and 
most effective in action. The same is 
true for the taut ship where every man 
aboard has his job spelled out for him 
and knows that he will be promptly 
called to account if he fails in his duty. 


So in the factory, or the industrial 
plant, private or public, the matter of 
discipline can be summed up as a 
simple system of accountability, a sys- 
tem which automatically discloses 
waste and inefficiency of any kind and 
lays bare for all to behold the fact that 
there is a tooth in the industrial gear- 
ing which is cracked, broken or miss- 
ing. 

The good manager has a clean desk 
and a curriculum so ordered that he 
has plenty of time to supervise his in- 
dustrial machine. In essence, he is the 
mechanic with the eagle eye, the men- 
tal oil can, and the fund of good advice 
available to each and every member 
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of his team. This manager’s clean 
desk, his open office door, also his 
quiet, orderly staff are the trademarks 
of things which have made American 
industry dominant in practically every 
market which it has entered. 


This efficient manager has delegated 
practically all of his executive duties to 
the appropriate officer in the line of 
command, to the point where he, him- 
self, is the living embodiment of “man- 
agement by the rule of exceptions,” 
the exception, of course, being when 
something new and different enters the 
field, whether it be the prospect of a 
new and different contract, or a new 
form of indiscipline by some member of 
his crew. 


In an organization which could, with 
justice, be assumed to have reached a 
state of reasonable maturity, the ac- 
knowledged turning point which mark- 
ed the attainment of maturity was the 
day the boss was able to exercise his 
managerial duties through this rule 
of exception. 


During formative stages in an or- 
ganization it is seldom or never pos- 
sible for the senior official to do other 
than roll up his sleeves and get down 
to workload brass tacks with every di- 
vision of the business. However, if, 
during these formative days, the foun- 
dation be not laid for the orderly and 
progressive delegation, of authority to 
make decisions down the line, then 
nothing but endless confusion can re- 
sult. 


It is the prime responsibility of top 


management to define policy, and this 
written statement of policy, and in 
some cases procedure, constitutes the 
“charter” for each division of opera- 
tions. 


Armed with a statement of the com- 
pany’s policy and such minimum guid- 
ance as is necessary in regard to pro- 
cedures, the divisional or department- 
al manager is equipped to play his 
part as a member of the production 
team, whether that production be engi- 
neering drawings, the processing of 
work through the shops, the company’s 
participation in recreational activities, 
or the direction and control of the 
company’s negotiation with the unions 
representing the workmen in the plant. 


Difficult, you say—but never too dif- 
ficult. The general managers who 
qualify, are those who earn the big 
money. Those who do not, soon fall 
victims to that form of cannibalization 
which, for want of a better name, we 
describe as nature taking its course. 


The president and general manager 
of the largest railroad in the world suc- 
cessfully and profitably operates his 
company on the information in six 
dead-accurate summary reports which 
are on his desk by 0900 each morning. 
The message in each of these reports 
define his workload for that day. Some 
flash a red light and insistently demand 
prompt corrective action — most are 
green — others amber — say proceed 
with caution, but with it all, there is a 
plan — the boss knows where he is 
heading — all the time —- and so does 
the team. 
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Fifty years is, actually, not a very 
long time in the development of one 
of humanity’s greatest means of trans- 
portation, but when we stop to ap- 
praise aircraft development in this 
period, and compare the original first 
machine to fly successfully, the Wright 
“Kitty Hawk,” with our latest super- 
sonic airplanes, we see the most strik- 
ing and convincing progress in speed. 
A gain of well over 1200 miles an hour 
in 50 years would average out at 24 
miles an hour faster each year. Curi- 
ously enough, this is approximately the 
rate of progress that actually did take 
place for several years after 1909. The 
Wright Model B at 40 miles an hour 
and the original Curtiss at about the 
same speed in 1909 were outclassed 
in 1910 when Leblanc on a Bleriot 
raised the record to 68 miles an hour. 
In 1911 the Nieuport did 82 miles an 
hour. In 1912 the Deperdussin raised 
this to 108. And so on through the 
years. The official records today are 


of course not yet inclusive of the 
actual speeds made by supersonic air- 
craft due to the secrecy that is main- 
tained. But this much we can say— 
that if the unfailing record of the years 
continues, by the year 2003 aircraft 
will be flying at 2400 miles an hour! 
While it is true that the present super- 
sonic aircraft are merely research air- 
planes of very small load capacity, 
more practical load-carrying airplanes 
quickly catch up with the initial rec- 
ord-breaker. For example, when sub- 
sonic jet aircraft single-seater fighters 
of recent British and American de- 
velopment, like the Meteors and 
the Lockheed Shooting Stars, arrived 
at the 500 mile-an-hour class, it was 
not very long before the Comet air- 
liner carrying over 36 passengers was 
doing the same thing. So it will only 
be a short few years before load- 
carrying aircraft will be equalling and 
exceeding the speed of the present 
supersonic airplanes. 


SLOWER LANDING SPEED 


While speed gain is the outstanding 
successful evidence of our great prog- 
ress these 50 years, the lack of attain- 
ment of low speed for landing is our 
outstanding failure. The very early 
Wright airplanes had so much parasite 
drag resistance, so much area with ac- 


companying skin friction, and yet so 
light a total weight that they could 
literally be almost dived at a landing 
spot and then flared out. So, it was 
possible for landings to be made in 
very restricted areas with high ob- 
stacles. One of the outstanding feats 
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in this category was when Harry At- 
wood landed his Wright Model B on 
the south lawn of the White House in 
1912. 


Early Wright, Curtiss, and Bleriot 
exhibition teams flew constantly and 
with great ease off race tracks and 
even ball parks throughout those ex- 
citing exhibition years (1909 to the be- 
ginning of the First World War)— 
when the public was being entertained 
by aircraft to so great a degree, and 
when the real business of the industry 
was chiefly building for exhibition 
work and racing and only in a minor 
way for military usage. Of course the 
wing loadings of aircraft in those days 
was around two to four pounds a 
square foot for biplanes and three to 
six pounds a square foot for mono- 
planes, and the light loading had much 
to do with this early small-field- 
ability. But we have a great loss in 
aircraft value as of today in having 
failed to maintain this ability, and 
failing to such an alarming extent that 
10,000-foot runways are now con- 
sidered too short. Landing speeds of 
200 miles an hour are seriously talked 
of, and the aircraft engineering frater- 
nity, in too large measure, goes blithe- 
ly on its way ignoring the heavy 
burden on practical progress and 
usage that aircraft development is 
placing on itself by not realizing that 
we have failed miserably in advancing 
the technique of slower landing speeds 
and shorter field usage. The Wrights 
showed a way we seem loath to follow. 


To be sure, there has been some 
development of high lift devices, a 
very useful development of wing flaps 
and air brakes without which even the 
present fast airplanes would be so 
hopelessly handicapped that there 
wouldn’t be enough real estate around 
to take care of them at all. Also, of 
course, we have the development of 
the helicopter of recent years to some- 
what offset our failing in extending 
downward the speed range of fixed- 


wing aircraft. But the helicopter has 
the very serious deficiency of being a 
slow aircraft—very useful to be sure, 
but by no means the final answer until 
it can carry loads very much faster. 


The economics of air transport, par- 
ticularly in the requirements for such 
large landing areas (which, while 
many are built with government 
funds, are nevertheless a burden either 
to the taxpayer or the operator who 
pays a landing fee), shows that these 
cannot possibly grow with the growth 
the aircraft usage should have in the 
coming years unless we reverse the 
trend and get busy now to reduce 
landing speeds every time that we also 
make an increase in the high speed. 


Interestingly enough, one of the later 
activities of Orville Wright around 
1923 to 1925, when he was more or 
less retired, was to spend a good deal 
of time testing in his wind tunnel the 
various series. of flaps and high lift 
devices which are now exhibited at 
The Franklin Institute. The ordinary 
split flap was patented by Orville 
Wright in 1924, and very few people 
realize that he was the inventor of this 
device. The Guggenheim Aircraft 
Competition came along in 1929 and 
was designed to be a great stimulus 
to the progress of more useful and 
slower landing aircraft. At least two 
very advanced aircraft, the Curtiss 
Tanager and the Handley-Page, very 
convincingly demonstrated their 
short-field abilities on both landing 
and take-off, and yet for almost ten 
years the aeronautical engineering 
fraternity only took a slight interest in 
what these demonstrations had shown. 
The early development and progress 
of the Fowler Flap was also delayed 
and stretched out over many more 
years than was necessary by this 
curious blindness in judgment or 
delay in appreciation by aircraft engi- 
neers and their customers of the 
supreme necessity of doing everything 
to reduce landing speeds. 
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VERTICAL FLYING 


At the present time it appears that 
this need in aircraft development is 
receiving an increasing amount of 
serious attention, and there are sev- 
eral areas in which activity may re- 
sult in quite striking development. 
The term “vertical flying” is at last 
coming into serious use in technical 
discussions. Designs for vertical take- 
off merely on the basis of jet, rocket, 
or turbo-prop thrust being greater 
than the weight, are solutions that are 
actively being worked on. Then, too, 
there is a field of promise in a con- 
figuration using an “induced” high 
velocity flow over the wing by a dis- 


position of jet engine intakes and ex- 
haust to give an artificial flow in the 
slow-speed regime which would great- 
ly increase the lift, even while stand- 
ing still, greatly reduce the length of 
take-off and the landing speed, and 
yet be readily converted from “lift 
flow” to pure “thrust flow” for very 
high speed flying. 

It was Henry Ford, Sr. who, when 
discussing aircraft design almost 30 
years ago, criticized aircraft engineer- 
ing very severely for failing to realize 
that aircraft would really not attain 
their full development until their 
power “was used to land with.” 


SPEED RANGE BY BETTER WING SECTIONS 


During this first era of aviation 
progress, wing sections have been 
much improved in the range between 
high lift and low lift and low drag, 
but there is still much that could be 
achieved. Speed range (the ratio of 
high speed to landing speed) in the 
early first ten years of flying develop- 
ment was considered extremely good 
if it got as high as two-to-one. In the 
course of the ensuing 20 years due to 
improvement in wing sections and fi- 
nally in the addition of wing flaps, 
slots, and other high lift developments, 
there has finally resulted a raising of 
the speed range to about six- or seven- 
to-one. In further development to 


come, our figures are somewhat ob- 
scured by having to pass through the 
sonic range. However, an interesting 
new development of the last few years 
which cannot yet be sufficiently ap- 
praised is the development of the 
Delta wing configuration. The range 
between low-speed, high-lift, and 
high-speed low-drag appears to be 
materially further extended with the 
Delta wing design. 


There are other developmental areas 
in which the extension of the speed 
range to higher speeds for usefulness 
and to still lower speeds for prac- 
ticality, are being worked on. 


ASSISTED TAKE-OFF, AND SKIS 


Only recently have we begun to 
hark back to one of the original con- 
ceptions of the Wrights. 


The original 1903 Wright plane was 
launched into the air on a small cart 
riding on a rail with no assist to the 
take-off. This saved the expense of fix- 
ing a smooth field, and saved the 


weight of a landing gear. Later in their 
developments, particularly in the 
many 1905 flights, the Wrights intro- 
duced the use of the catapult to assist 
on the take-offs, and then eventually 
went to wheels. A long and painful 
development of landing gears followed 
through the ensuing 40 years, and 
finally today, interestingly enough, our 
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concepts are beginning to return to 
the original Wright conception, with 
the use of assistance in take-off by 
either catapult or rocket “jato” assist. 
Even additional jet engines of small 
sizes are now being contemplated to 
give an assist in take-off and when 
reversed to give a retarding influence 
on landing. So that we see at least a 
more determined struggle going on in 
the engineering development of avia- 
tion to compromise the requirement of 
the highest possible speed for utility 
with the lowest speed for practicality. 


As to the utility of high speed in 
aircraft, history shows us that there 
is no question about this whatever. 
There is nothing more useless than a 
slow airplane, and the helicopter’s 
slowness in cruising is a burden about 
its neck that must be removed quite 
soon in order to make this field really 
succeed in the long run. Once in the 
air free of obstacles, all the economics 
of air transport, all the characteristics 
so needed by the military, all the prac- 
tical usefulness so needed by the in- 
dividual owner, all bring success to 
aircraft development only if the item 
of ever-higher speed is included. And 
yet, as pointed out, these eminently 
promising prospects for great future 
development are hampered initially 
by the take-off and landing limitations 
that our present day airplanes require. 
As the realization of all this is at pres- 
ent dawning upon the brilliant engi- 

‘neers in the industry, we will see 
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shortly—in fact are already seeing— a 
great deal more attention given to 
assisted take-offs and catapults. And 
when we look into this field we find 
some very surprising conditions. 


For example, the Air Force (par- 
ticularly in the Attack plane and As- 
sault types of air operation), requires 
very short take-off and landing char- 
acteristics. And yet with all the de- 
velopment that the Navy has so suc- 
cessfully demonstrated in its catapult 
launching and deck landing hook, and 
wire-engaging retarding mechanisms, 
it seems only lately to have occurred 
to the Air Force of any nation to make 
these the landing systems that they 
should lay down at a front instead of 
worrying about long clear runways. If 
there was ever an argument for a 
“united” air force, it is this one. And 
yet if we had ever had a “united” air 
force, we probably never would have 
had the Carriers with their landing 
traps and their catapult take-offs. 


Now several advanced designers are 
beginning to think in terms of fast air- 
craft of much lighter weight (because 
they carry no landing gear to speak 
of) that will take off on a field from 
either a catapult or a powered launch- 
ing car and will land on simple skis 
that will have no extensive roll and 
no need for brakes that get too hot. 
And when we do this, it is interesting 
to see the 50-year cycle reverse itself. 
Fifty years later we return to the 
original concept of the Wrights. 


WATER BASED AIRCRAFT 


While the familiar concrete runway 
is accepted with a certain finality by 
everyone, the history of the develop- 
ment of aviation throws this into a 
considerable question. We have pros- 
pects, as indicated above, of develop- 
ing characteristics in aircraft that will 
allow the fastest load-carrying kind 
to land more or less vertically in re- 


stricted areas. But we have also in the 
last few years the development of the 
jet engine, by which we have ceased 
to require the use of a propellor. And 
this has re-opened the entire ques- 
tion of whether we should not use 
water surfaces as the proper surfaces 
for aircraft to take off from. In 1907 
the Wrights began to get the same 
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idea, and in preparation for some fly- 
ing around Norfolk over a fleet review 
—that they were then contemplating 
—they began work on pontoons to 
carry their plane. But one of the 
earliest things they ran into right then 
was the difficult incompatibility of 
propeller tips and spray. And this 
necessity of the clearance of propellers 
from the water has plagued seaplane 
design ever since. It is the one item 
that has caused seaplanes always to 
be so ungainly, of greater head resist- 
ance, heavier, and because of these, at 
a disadvantage in comparison to land 
planes. 


But with the advent of the jet en- 
gine all this changes. We have a new 
condition that finds water-based air- 
craft gaining advantages over land- 
based aircraft. The jet-engine sea- 
plane does not need any great clear- 
ance dimension for propellers, merely 
a configuration in which the jet intake 
is reasonably free of spray. The jet 
exhaust is no problem at all. And as a 
result, the configuration of a jet- 
driven water-based airplane cannot 
only be fully as streamlined as a land 
airplane, but is lighter in weight be- 
cause of not having to carry the heavy 
landing gear—so difficult to stow any- 
how in the thin wings required by 
high speed. And accompanying this 
new state of affairs we find today that 
the development of skis for water 
landing is achieving a practicality that 
is very evident. This leads to endowing 
airplanes with the ability to land and 
take off rough water to a degree that 
we have never conceived possible be- 
cause the skis can be sprung—and in- 
cidentally, are very easily folded up 
into a streamlined body. Demonstra- 
tions of the success of this concept 
have been given in a most convincing 
manner by the first public flights of 
Earl Osborn’s Edo ski amphibian, the 
Convair Sea Dart XF2Y-1, and the 
All-American _ski-equipped _land 
planes. 


Lest we get too set in our ways of 
thinking that airplane usage means 
land field usage, let us look back into 
history for a moment and realize that 
there were two or three different eras 
in which the speed records of the world 
could only be won by airplanes that 
were launched off the water. This was 
importantly emphasized in the Sch- 
neider Cup races, the international 
events that were held in the late 
1920’s and early 1930’s, in which the 
speed of land planes was far outclas- 
sed by seaplanes— only because of the 
ability to take off and land on the 
water surface under conditions of 
loading and distance that no land area 
would permit of. Very much the same 
thing exists today. If our wing sections 
and high-lift devices were still to limit 
us to a speed range of somewhere 
around 6 or 7 to 1 between high speed 
and landing speed, and if we wished 
to build the very fastest airplane to 
win a race from a surface take-off 
(not air-launching), we should lay 
down a design that would land and 
take off at 300 miles an hour and would 
achieve 1800 to 2000 miles an hour in 
the air. This admittedly would be a 
difficult job on a land field, non- 
catapult take-off. But interestingly 
enough, it would not be difficult on a 
water-ski seaplane take-off and land- 
ing. The only reason that this concept 
is not as sure-fire as it would have 
been 25 years ago is that a plane 
achieving any such high velocity would 
probably have a thrust greater than 
the weight and therefore could take 
off vertically. But it would still have 
to land, and the vertical take-off would 
be considerably easier on the water 
and much less dusty for the observers. 
We can only sum up this aspect of our 
50 years of progress by pointing out 
that there is still much thinking, de- 
vising, and developing to be done on 
the fundamental problem of how we 
take off from the earth and how we 
get back to it. 
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The configuration of the wing struc- 
tures of aircraft from the original 
Pratt truss Wright biplane, has gone 
through quite a cycle of development, 
be-fogged by an enormous amount of 
prejudice, misunderstanding, stub- 
bornness, and lack of sound engineer- 
ing foresight. Instead of facing the 
facts of efficient lift and how it could 
best be obtained, aviators and con- 
structors from the very start to well 
around into the 1930’s got themselves 
wound up into so much argument as 
to the relative merit of biplanes and 
monoplanes that it took no less than 
40 years to clear up what was very 
obvious from the beginning. The rea- 
son the Wrights went to the biplane 
was perfectly sound and had to do 
with the question of bracing, of weight 
limitations, and of a good deal of en- 
gineering convenience. But just as soon 
as air development embraced higher 
speeds and more power, the reason for 
the biplane vanished. But—the bi- 
plane did not! And all along the era 
from 1918 for over a score of years 
thereafter, there still was a stubborn 
persistence of the biplane form of 
wing structure. This finally, however, 
gave way to what we have today—no 
biplanes in the air in the world ex- 
cepting a few old-time crates towing 
advertising banners! This author can 
derive a very distinct gratification 
from history on this point because in 
1918, convinced of the correctness of 
the monoplane type, he was almost 
alone in this country in advocating it, 
and found the acceptance of the 
monoplane by the aircraft industry’s 
customers so difficult and so sur- 
rounded with prejudice that in 1923 
he was forced to make the Loening 
Amphibian a biplane for no other 
reason than to sell it. The greater lift 
of the monoplane due to the lack of 
interference of one wing with another, 
the considerably lower head resist- 
ance, and the lighter weight, won out 
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in the end over the fancied objections 
that had been harped upon for so long. 
The untenable anti-monoplane sales 
talk was that a monoplane was un- 
stable, structurally weak, and too 
“tricky” in maneuvers. The simp- 
licity of the monoplane structure 
insured its survival—particularly of 
the type, referred to above, with a 
simple strut bracing, which type 20 
years later came into very general 
usage and still is seen in the Cessnas, 
Cubs, Beavers, etc. Of course, even- 
tually the struts have been superseded 
by the cantilever monoplane structure 
that is now so nearly universal. A 
quotation is given here from a treatise 
on this subject by the author, “Re- 
vival of the Monoplane,” written in 
1919, which perhaps has a message to 
give: 

“Aeroplane designing is merely a 
series of extraordinary compromises 
that have to be hit upon with a rare 
judgment because in general all aero- 
plane features fight each other— 
weight needed for strength reduces 
flying performances, roominess for 
convenience requires a sacrifice to 
head resistance, etc., so that the com- 
petent engineer must constantly bal- 
ance these opposing features. If he 
brings out a triplane, let us say, just 
for the sake of making it a triplane be- 
cause other machines are biplanes, 
without having very clear and logical 
reasons for doing so, he fails in his 
true mission. The ideal features that 
we are looking for in the aeroplane 
structure itself are (1) light weight— 
the most important of all—(2) the 
combination on a machine of stability 
(meaning ability of the plane to stay 
where it is put along its course), com- 
bined with easy controllability (which 
means a quick, positive response to 
all controls)—this is perhaps the 
hardest feature to develop in a new 
plane; (3) the desirability of simplic- 
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ity of construction, which almost 
always bring light weight with it, and 
finally (4) we seek a low head resist- 
ance, obviously, so as to get our best 
performances. 


No matter what purpose an aero- 
plane is designed for, be it a large 
bomber or a small scout, a waste of 
weight is little short of criminal in 
aeroplane design, and complication, it 


is well known, is usually evidence of 
bad engineering. In fact, the whole es- 
sence of really good engineering is 
simplicity.” 


But it took the aircraft industry al- 
most 30 years to learn the above les- 
sons in the configuration of wing 
structures. And yet such lessons and 
precepts were exactly what Orville 
Wright taught. 


ENGINE LOCATION 


Engine location was, of course, an- 
other problem of configuration for air- 
craft designers which followed pre- 
judices and fashion a good deal more 
than sound engineering sense should 
have allowed in these 50 years. The 
pusher installations at the beginning 
were convenient structurally and sup- 
posedly more efficient. In the case of 
the single propeller direct drive in- 
stallations like Curtiss, this was later 
to be proven wrong, because the ef- 
ficiency lost by the added resistance of 
the faster tractor slip stream on the 
fuselage was regained by added lift 
on the wings. This had apparently 
been appreciated much earlier in Eu- 
rope raat in this country, because in 
the 1907 to 1914 era the development 
of the tractor fuselage airplane in Eu- 
rope was far ahead of what we had 
in this country. It is remarkable that 
in the case of both Wright and Curtiss 
we persisted so long in this unsatis- 
factory pusher type because, of course, 
of the great danger in many minor 
accidents resulting in fatalities. The 
engine often fell out on the crew, due 
to the light weight structures that 
were then needed, in order to get into 
the air at all. Probably one of the rea- 
sons for this “pusher” persistence was 
that for exhibition flying there was 
great merit in the public being able 
to see the aviator completely exposed, 
sitting on his perch at the leading 


edge of the wing with no protection 
from the wind whatever. Even Orville 
Wright succumbed to the tractor con- 
figuration when in 1916 he brought 
out his Model H enclosed fuselage 
tractor-type which Howard Rinehart 
flew around the country so successully. 
In seaplanes, the pusher type quickly 
succumbed because of the spray 
thrown into the propeller, and the 
tractor type was even more advan- 
tageous there. Then, of course, as we 
progressed, we got to multi-motored 
aircraft with the engines at first 
mounted between the biplane wings 
(a most inefficient configuration), and 
then finally with the engines as we 
see them today mounted integral on 
the monoplane wing. It is interesting 
to note that this efficient, correct, and 
simple type has survived as an element 
of configuration on aircraft for almost 
30 years. In this country, of course, 
the early Boeing 247-D and the Martin 
bombers of the early 1930’s were the 
eminently successful forerunners of 
this later-to-become-universal twin- 
engine configuration. During the ar- 
rival at this final type we also went 
through a tri-motor period, notably 
the ubiquitous Ford tri-motor and the 
Fokker. But this type did not last ex- 
cept for the Fords, which of course, 
were more widely used and probably 
one of the most successful airplanes 
in history. 
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STABILITY AND CONTROLS 


Fifty years have done much to the 
airplane’s control surface, stability, 
and tail configuration. Re-examining 
the early Wright plane from the 
standpoint of our present-day knowl- 
edge, we first must pay tribute to the 
acrobatic balancing skill that they had 
to have in order to keep the airplane 
flying straight. The “Kitty Hawk” was 
controllable all right, but completely 
devoid of any natural stability. This 
applied also to the early Curtiss 
planes. And while on the subject of 
controls and stability, we should make 
it clear that it was in this area that 
the Wright invention really counted so 
effectively. 


To begin with, the Wrights and 
Spratt who aided them, made a dis- 
covery in their early gliding experi- 
ments for which ample credit is never 
given. They were definitely and dis- 
tinctlv the first ones in the art, here 
or in Europe (and this included Lilien- 
thal and of course Langley), who 
found out and verified by test that the 
center of pressure on a curved surface 
moves backwards when the angle of 
incidence is decreased. All other ex- 
perimenters had thought that the 
center of pressure acted as it did on 
flat plates and moved forward, The 
Wrights also verified this in their wind 
tunnel experiments, and incidentally, 
Wilbur Wright mentions this in his 
famous paper before the Western So- 
ciety of Engineers in 1901. Center of 
pressure location enters with funda- 
mental importance into the question of 
stability, because the knowledge of 
this enabled the Wrights to balance 
their plane correctly and to arrange 
their longitudinal up-and-down con- 
trol to operate properly. Then, of 
course, the basic Wright invention on 
which they received their patent was 
their lateral control of roll. They put 
into practice the realization that up- 
and-down control and side-to-side 
control by rudder were not enough for 


successful flying, and that a third con- 
trol was needed to balance laterally in 
roll. 


The Wrights first incorporated 
lateral control in their airplanes by the 
well-known lateral twisting or warp- 
ing of the wings. When they did this, 
of course, the side that had the greater 
angle of incidence, and would there- 
fore raise up, would at the same time 
have a greater drag and therefore 
would require compensating rudder 
action. This was where the Wrights 
combined the directional yaw and the 
lateral roll control into one movement, 
although in later types of other con- 
structors like Curtiss, pilots learned 
to do this as part of their training. 
As we progressed into the tractor 
type with a fuselage, the fuselage gave 
considerable directional fin area, and 
the very earliest enclosed fuselage 
types like the Nieuport had a quite 
low small balanced rudder at the end, 
so that they still required a great deal 
of coordinating of the lateral and di- 
rectional controls. But as our 50 years 
progress, we find the combined rud- 
der and fin area becoming larger and 
higher, and finally in the modern air- 
plane of today so high that much lat- 
eral balance is obtained from the rud- 
der and fin alone, and the necessity 
for coordination on a really good 
modern airplane has more or less 
ceased to exist. We have excellent 
planes that turn very nicely on aile- 
rons and equally good ones that are 
corrected laterally on fin and rudder 
alone. Tail length has also gone 
through an ever-lengthening develop- 
ment. The “Kitty Hawk” was very 
short tailed— of course it had the front 
elevator, a questionably stable lay- 
out, which was in short order re- 
placed by a horizontal tail in the rear 
with a much greater lever arm. But as 
we go down through the years we 
find tails of good aircraft becoming 
longer and longer, and larger and 
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higher, and as we are about to won- 
der when this will stop, along comes 
the Delta plane design and brings us 
abruptly to a halt. Of course modern 
wing sections have been developed 
that have a very much smaller and 
more stable center of pressure move- 
ment. And this makes the shorter 
Delta wing configuration much more 
feasible. The Delta wing still looks as 
if it will continue to have large fin 


._ and rudder areas with considerable 


leverage around the center of gravity. 


There have been two body configu- 
ration developments through these 
years slightly different from the nat- 
ural growth of the covered fuselage 
into the enclosed cabin, and into the 
large, roomy interior bodies of the air- 
liners of today. One, of course, is the 
Burnelli and Northrup projects of car- 
rying the loads in a very thick wing. 
In the case of the Northrup, this was 
carried even further into the “flying 
wing” type where there was no tail at 
all. But as the “flying wing” devel- 
oped, what amounted to tails began 
to be added to the wing tips, giving 
lateral and directional control lever- 
age around the center of gravity, in- 
troducing the complication of added 
surfaces and the weight of controls 
and their stresses. Whether for this or 
other reasons, the tailless airplane has 
not survived, and not even in the case 
of the Delta wing can we consider 
that it has survived because the suc- 
cessful Deltas have such large fin and 
rudder tails. The other differing con- 
figuration is the twin boom holding 
tail structures such as in the Fairchild 
Packet and the new “Nord Atlas” in 
France. There is a sound reason for 
this twin boom design that has noth- 
ing to do with either controls or sta- 
bility. It is the excellent way in which 
this configuration allows for a cargo- 
carrying body with accessible doors 
very conveniently arranged for load- 
ing or parachute-load dropping. The 
excellence of this configuration as be- 


ing sound is all the more accented 
when one contemplates other cargo 
types that have a large swept-up fuse- 
lage with a very high tail, the strength 
of which fuselage is tremendously 
weakened by the cutting out of a large 
door right in the center where tor- 
sional strength is needed. So that to 
resist tail flutter and carry the high 
tail twisting loads, a very heavy fuse- 
lage framing is needed to make up for 
the door hole weakening. 


As soon as the wing warping lateral 
control system used by the Wrights 
and by Bleriot disclosed how it weak- 
ened the wing structure and what 
heavy loads it put on the control sys- 
tem, it gave way to the use at first of 
separate surfaces in between the two 
wings like the early Curtiss Ailerons 
and the ailerons that Glenn Martin 
mounted on his first and very success- 
ful tractor airplane. In the first few 
years of flying development, even the 
elevators and the rudders were quite 
widely used in a balanced single sur- 
face form. Then when these gave way 
to the fixed stabilizer and trailing ele- 
vator and to the fixed fin and trailing 
rudder, it was not long—about 1909— 
before Moore-Brabizon in England, 
Farman in France and several others 
both in Europe and America ob- 
tained their lateral control from 
hinged flaps cut out of the wing tip. 
These controls have survived ever 
since, and had every right to continue 
to survive as they were eminently 
correct and practical and were easily 
modified to have mass or aerodynamic 
balances so that they could grow to 
large size and still be workable. 


However, as soon as we entered the 
trans-sonic and supersonic area of 
flight, aircraft controls by movable 
hinged surface areas became open to a 
great deal of question. Lateral control 
had already been toyed with in the 
form of spoilers that would reduce the 
lift on one side only. But the problem 
of control in the supersonic region still 
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remains. It is fairly certain now that 
control by hinged flap is apt to be 
superseded by something else. 


Although we are principally con- 
cerned here with our 50 years of fixed 
wing aircraft development, control 
and stability problems are plaguing 
helicopter development to a very con- 


The landing gears of aircraft have 
gone through a complete cycle in these 
50 years. The Wrights started with 
skids alone, and the hottest new de- 
signs of aircraft today again look like 
skids alone. The story of this meta- 
morphosis is about like this: The 
Wrights started with skids alone, be- 
cause their feeble craft could not 
carry the added weight of wheels, nor 
had it enough horsepower to overcome 
the wheel friction, and the landing on 
skis was simple and effective and 
short. Then, as their power grew great- 
er and the Model B developed from 
the original 12-horsepower to the 30- 
horsepower class and their power- 
loading went down to 40 pounds a 
horsepower, wheels were feasible and 
were merely added to the then-exist- 
ing skids. Then for many years land- 
ing gears of airplanes all over the 
world, with one outstanding excep- 
tion, were always a combination of 
wheels and skids, the theory being 
that if the wheels failed, the skids 
would save the works. The one out- 
standing exception was Bleriot in 
France who never had any use for 
skids at all. In those early days we 
soon discovered that many a landing 
resulted in an accident, not at all be- 
cause the wheels failed, but because 
the skids broke, dug into the ground, 
and turned the airplane over. So some 
of us here proposed and put into ef- 
fect the simple 2-wheel and tail skid 
landing gear which was first intro- 
duced at North Island by the author 
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siderable degree. It may be that heli- 
copters will have to go to a three- 
rotor system giving three points of 
control like the two wings and the 
fixed tail of the Wright airplane and 
then merely vary the thrust of the 
rotors against each other to get any 
combination of control forces around 
the three axes. 


in 1913 and incorporated with a great 
saving in weight on several then-ex- 
isting Army training planes. By plac- 
ing the wheels reasonably forward, 
nosing-over tendencies were avoided, 
skids ceased to break, and this type 
of landing gear became standard for 
the next 30 years. Then there started 
to come into wider usage the presently 
widely used 3-wheel gear with nose 
wheel forward and the two main 
wheels aft of the center of gravity. 
This “level” type is of course very 
practical and effective and will con- 
tinue to last for some time. But mean- 
while, advances continue, and the 
next step in landing gears is going to 
be either a catapult track or a dolly 
truck for take-off with the airplane 
equipped only with skids to land on. 
To be sure, these skids will wear out 
after many landings, but so do tires. 
By doing away with the wheel and 
the tire we not only shorten the land- 
ing, but we do away with complicated 
braking systems and with a heavy 
weight of wheels and with what is 
even more serious, the difficulty of 
stowing wheels in the thin wings that 
our higher speed regimes now demand. 
Of course there is another advantage 
—the ski landing gear can take off the 
water, can land on snow, can land on 
mud, and if we finally do get to ver- 
tical take-off aircraft as we are very 
likely to soon in great quantities, the 
wheel gear will disappear excepting 
for small rollers for convenience in 
handling on the ground. And thus we 
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will get back to the ski-equipped air- 
plane that the Wrights started with 
50 years ago. 


During the landing gear develop- 
ment of this era, it is surprising to 
note how tardy and stubborn and 
backward most aircraft constructors 


were in adopting retractible landing 
gear configurations to improve their 
performance. It is safe to say that had 
it not been for the development of the 
amphibian which showed the ease 
with which landing gears could be re- 
tracted, the progress in this area 
would have been even slower. 


POWER PLANT FORMS 


The types of engine forms during 
this period have gone through equally 
ever-changing development until 
finally we get to the jet engine which, 
of course, is a totally different de- 
parture. Propellers also have been the 
subject of much development since the 
early Wright days, and we should 
therefore consider them jointly as the 
effective power plant. The Wright’s 
original solution was little less than 
inspired. With all the knowledge that 
we have today of propellers and of 
power plants, given the materials of 
construction, the technique available, 
and methods of manufacture, the 
Wright’s solution for turning BTU’s 
of gasoline into effective driving thrust 
for flying could not be improved upon. 
The Wrights approached their pro- 
peller design from the correct stand- 
point of considering their blades ro- 
tating airfoils, and their calculations 
and method of design are still today 
an outstanding tribute to their engi- 
neering and scientific abilities. In this 
designing region they really had very 
little to go on, excepting some marine 
screw propeller theory, much of 
which they quickly discarded. While 
they of course had a power loss be- 
tween the engine and the propellers 
due to the chain drives and sprockets 
and extra shaft bearing frictions, this 
was all more than made up for by the 
fact that their two large propellers 
“were giving a very high order of effi- 
ciency at their flight speed of 30-40 
miles an hour. This they could never 
have obtained if there had been only 


one little direct drive propeller on 
their little 12-horsepower engine. 
Also, the Wrights had the good sense 
to eliminate torque as an added com- 
plication to their stability and control 
problems by having their propellers 
turn in opposite directions. As the 
years grew on, however, and the pow- 
er of engines became ever greater— 
and the power of controls also became 
ever greater—torque was not too great 
a problem other than on take-off. But 
from the efficiency standpoint, the 
value of geared-down, large-diameter 
propellers is becoming increasingly 
impressed upon us even today by 
such advanced planes as the Helio- 
plane of Koppen and Bollinger. The 
slow progress of including in pro- 
pellers the added efficiency item of va- 
riable pitch, took years to get into the 
picture because of the same strange 
unwillingness of aircraft engineers to 
move, even though the signposts of 
where progress is leading are some- 
times so clear. The propeller construc- 
tion of the Wrights was of wood with 
fabric covering to protect the wood 
from splitting too easily when hit with 
stones from a field. These wooden pro- 
pellers were soon found to suffer from 
humidity and other variations so that 
they were gradually succeeded by 
metal construction, first of a steel hub 
with aluminum blades, and then steel 
blades, and of late some new plastic 
developments of great interest. 


Engines themselves started out in 
a flat pattern with the Wrights. And 
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then they put their four cylinders into 
an upright model with the crankshaft 
low, and in Europe there was an early 
start on the first radial air-cooled en- 
gine. Then came the tremendously 
successful Gnome rotary engine, and 
then both in Europe and in America 
the further tremendous development 
of the large radial air-cooled. During 
the development in use of the water- 
cooled upright engine like the Liberty, 
it became increasingly apparent that 
whereas the Wrights had good reason 
for the upright engine in order to have 
their chain drive mount on the wing, 
the later water-cooled tractor types 
for aircraft should have started out 
right then and there as inverted en- 
gines with the crankshaft high, in or- 
der to give maximum propeller clear- 
ance for minimum body height. And 
looking back at this era, it is very 
likely that this would have been the 
case had automobile engineers not 


been so intimately identified with 
water-cooled aircraft engine develop- 
ment. 


In radiator cooling for water-cooled 
engines, our 50-year era had a prob- 


lem that was never properly solved 
excepting by the advent of the air- 
cooled engine. Even in war planes the 
liquid-cooled engine had its greatest 
disadvantage in the ease with which 
one bullet could wreck all by hitting 
the radiator, whereas an air-cooled 
engine could have several cylinders 
beaten up without having to stop at 
once. Radiators through these years 
assumed all manners of shapes, sizes, 
and configurations. They were placed 
in front of the engine, behind the en- 
gine, above the engine, slung under- 
neath, formed into wing surface con- 
tours, and so on. The Wrights started 
out with a simple vertical combination 
of standpipes that had a large cooling 
area for the water volume and—a very 
important item—a large gravity head 
over the water pump. The weight of 
water cooling was mitigated some- 
what in later years by the use of chem- 
icals for cooling, but the extra plumb- 
ing and the extra weight and the extra 
drag always remained. And there were 
many sighs of relief when air-cooled 
engines came into such great usage, 
just as there are sighs of relief now 
that we enter into the jet era, with a 
simple, easy-to-install power plant. 


MATERIALS OF CONSTRUCTION 


The materials used in construction 
of aircraft have, of course, varied con- 
siderably down through the years. At 
first silver spruce was the backbone of 
aircraft construction used by the 
Wrights and others in wing spars, 
struts, ribs, etc., with ash used for the 
skids as it was a much harder wood. 
But the generally unsatisfactory na- 
ture of wood, the difficulty of getting 
homogeneous pieces of the same 
weight and even of the same strength 
that could be relied on, the many 
kinds of weather and humidity ef- 
fects that would affect the strength or 
alignment of the structure, were all 
headaches that quite naturally led, 


both in Europe and in this country, to 
a search for metal construction. At 
first this was considered altogether too 
heavy. But it was not long before very 
thin high alloy steel tubings gave a 
weight ratio to their strength that was 
satisfactory. While at first the joints 
were made with fittings and then later 
were brazed and soldered, the Fokker 
type of welded tube construction came 
into wide usage, particularly in the 
framework of fuselage and tail sur- 
faces. At first wing surfaces were cov- 
ered with oiled silk or rubberized fab-~ 
ric, both of them most unsatisfactory 
materials subject to tension variations 
under different weather conditions. 
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FIFTY YEARS OF FLYING PROGRESS 


This was followed by the doped linen 
or cotton era. Then plywood began to 
enter the field particularly in some 
very fine workmanship samples such 
as the beautiful Antoinette monoplane 
built in France. And whereas plywood 
was used for the covering of fuselages 
such as introduced in the monocoque 
by Deperdussin in 1912, it was not un- 
til towards the end of the First World 
War that Fokker appeared with canti- 
lever wings of thick section with 
wooden beams and plywood covering 
that took the torsional strains. This 
was a good deal of an innovation in 
aircraft structures and pointed un- 
erringly towards the future, but at the 
time was not adopted very widely. 


These wooden cantilever plywood 
wings were of course also subject to 
the weathering effects on wood—the 
drying out in the sun, the inability to 
stand too much moisture, the ques- 
tionable strength of glued joints sub- 
jected to extensive weathering or vi- 
brations. The forecast of things to 
come on aircraft structures was given 
by the Junkers all-metal cantilever 
wing monoplane which made in Ger- 
many what was later to be a world- 
wide appearance, around 1921. This 
step was marking the final death knell 
of the wood-frame, wire-braced box 
kite of the Wrights and their later con- 
temporaries like Farman in Europe. 
But for a period of almost 20 years the 
aircraft industry still persisted, and 
their customers still insisted on their 
building this unsatisfactory type of 
aircraft structure, making it a long 
process before the Junkers of 1921 be- 


came the Strato-Clipper of 1951. 


The prejudice against aluminum in 
structural parts of aircraft was very 
great in the early 1920’s. The alumi- 
num alloy Dural was relatively new, 
and faith in its characteristic of hav- 
ing the strength of steel for one-third 
of the weight was slow in taking hold. 
But gradually it crept into more and 
more extended use until finally in the 
vast production era of World War II, 
all-metal Dural riveted and welded 
aircraft construction proved itself out 
in the tool room, in the production 
line, and in combat, so that it became 
the universal method of building air- 
craft. This type of construction is 
threatened today by the advent of 
magnesium on the one hand, still light- 
er and with many qualities in its fa- 
vor, with several different kinds of 
glass and plastic resin materials that 
have excellent qualities to recommend 
them for aircraft structures, and finally 
by the advent of that great new metal, 
titanium, which has all the qualities 
that we need excepting that there is 
not enough of it. There is no doubt 
that the field of alloy metals for air- 
craft will, from here on out, be sub- 
jected to great improvements and 
modifications which might even in- 
clude some mutation of crystalline 
structures by virtue of atomic radia- 
tion or isotope application. Since we 
have been at this fundamental of light 
metals of great strength for aircraft 
work only 30 years, we can look for- 
ward to as great changes in the next 
two or three decades as we have had 


in the past. 


CONCLUSION 


Is the development from the Wright 
“Kitty Hawk” to the airplane of today 
likely to continue to bring as great a 
change in the airplane of tomorrow? 
Supersonic flight is bringing with it 
the problem of heat which will vitally 
affect the structure of aircraft. Many 


accompanying developments in science 
that have been coordinated into our 
aircraft progress such as electronics 
and gyroscopics will continue to grow 
greatly in importance, so much so that 
we are entering an era where tricky 
flying qualities requiring an expert 
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FIFTY YEARS OF FLYING PROGRESS 


acrobatic aviator to handle will give 
way to automatic devices. These will 
reduce the fastest flying, as far as the 
pilot is concerned, to such simplicity 
that an older man with poor eyesight 
could handle the aircraft fully as well 
as the present stunt pilot can. Auto- 
pilot and automatic stability machin- 
ery can fly far more accurately than 
even the best pilot can do. 


Then we have the era of vertical 
rising of aircraft coming in where even 
the fastest design will cease to need 
these expensive enormous landing 
fields. We will recognize that flying 
consists of two regimes —the take-off 
and landing in a practical manner 
near the objective, and then the high- 
est possible speed between terminals. 


One item in our development that 
has been more or less ignored these 
50 years and is plaguing us now very 
greatly, is the suppression of the out- 


rageous noise of modern aircraft. The 
piston-engine airplanes are bad 


enough, but the present jet configura- 
tions are even worse. And unless we 
can overcome this, the vast develop- 
ment of the aircraft field that awaits 
it— particularly in the private vehicle 
field—will be greatly restricted. 


The concept of the Wrights has 
grown to full stature. It has endowed 
mankind with a mobility that was un- 
dreamed of. To be sure, it has not 
changed the difficult nature of human 
nature, but it has promise,—by virtue 
of its very terrible potentialities in 
war,—of forcing the world to find 
more peaceful means of getting along 
together. So that after all, the Wrights’ 
original hope that this invention would 
not always be dedicated to war may 
finally turn out to be happily resolved 
by its more prosaic success and wide 
usage for peace. 
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Recent developments in the use of 
high pressure fluids for such applica- 
tions as catapaults, accumulators, boil- 
ers and chemical processes have fo- 
cused attention on the sphere as a suit- 
able containing vessel. While the solu- 
tion for the stresses in such a vessel 
may be found in the classic works of 
Timoshenko! and Love?, the solutions 
for the strains and displacements can 
only be found with some difficulty. In 


order to give the complete solution to 
the problem of the spherical shell and 
at the same time illustrate the method 
of attack, we shall deal with the prob- 
lem of internal pressure only. The limi- 
tations placed upon the material are 
that the material be perfectly homo- 
geneous and follow Hook’s law. The 
approach to this type of problem is 
relatively easy but the details are in- 
volved and tedious. 
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are concentric with the center at the 
origin it is immediately evident that 
only normal stresses need be consid- 
ered. The equilibrium equation for the 
case of centric symmetry is derived in 
Appendix A as: 


do, 


dr (1) 


+= (oy-o4) =0 


In addition to equation 1 it is necessary 
to have the stress components as func- 
tions of the strain components and the 
elastic properties of the material. The 
necessary relations are derived in Ap- 


do, _ 
dr 


=(A+ 2G) 4 


Note: The notation T & G refers to “Theory 
of Elasticity” by Timoshenko and Goodier, 
Second Edition, 1951, McGraw-Hill Book Co. 
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We first consider the stress system pendix B and are given as equations 
given in Figure 1. From the considera- 
tion that the inner and outer surfaces 


2 and 3 below. 
or = A[2Zeg + €-] + 2Ge, (2) 


(3) 


og = A[2eg + + 2Geg 


Since we are dealing with the complete 
solution, and the stresses have been 
expressed in terms of the strains, it is 
now only necessary to introduce a 
further set of equations. These equ2- 
tions express the displacement in terms 
of the strain components in polar co- 
ordinates. It is only necessary in the 
derivation to note that for the case of 
centric symmetry the shearing strain 
is zero. With this in mind, equations 4 
and 5 follow. 


(4) 


(5) 


Equations 1 to 5 are the basic expres- 
sions which are necessary and suffi- 
cient to completely solve the problems 
of the spherical shell subjected to in- 
ternal pressure, external pressure or a 
combination of both. When the final 
expressions are expressed in general 
form it is only necessary to put in the 
proper boundary conditions to obtain 
the desired specific solutions for any 
condition of pressure loading. 


Proceeding with the solution, we 
first differentiate equation 1 with re- 
spect to r and introduce equations 4 
and 5 into the differential equation. 
This yields equation 6 as given be- 
low. 


U 
rdr_ 


(6) 


r 


os 
SY 
dr 
Figure 1 
U 
|| 
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or 


The term can be eliminated 


by the simple expedient of replacing 
it by its equal from equation 1. Now 


2 = (A+ 2G) 


we introduce, for the resulting term 
o¢—«;, the result of subtracting equa- 
tion 2 from equation 3. This results 
in the following expressions: 


1dU 


d?U 
dr? 


Ua 


a (eo — er) 
r 


(A+ 2G) 


Since it is physically impossible for 
the term A+2G in equation 9 to be zero, 
the remaining part of the product in 
this equation must be zero. If we multi- 
ply this non-zero part by r? the follow- 
ing homogeneous linear differential 
equation with varying coefficients is 
obtained: 


dU 


This particular differential equation is 
of classic form and is known as the 
Euler equation’. The solution to this 
equation is obtained by substituting 
r = et, and this yields (after some ma- 
nipulation) the following general so- 
lution: 
U=Ar+Br* (11) 
So far nothing has been done to in- 
troduce the loading conditions, i.e., the 
pressure. It is at this point that the 


boundary conditions must be intro- 
duced to evaluate the constants in 


1T & G, Pages 65, 66. 


r ar 


2dU_ 2 


rdr r 


(9) 


=o 


equation 11. This can be done by not- 
ing that under internal pressure only, 
the radial stress g, at the inner sur- 
face is just the pressure and at the 
outer surface is zero. These conditions 
can be expressed mathematically by 
utilizing equations 2, 4 and 5 and they 
then yield equations 12 and 13. By dif- 


ferentiating equation 11 the term ay 
is obtained 


U 


dU 


dU U 
(A + 2G) ay 


U 


and the term ~ is obtained directly 


from equation 11. 


A-2Br>* 


dr (14) 


+ O,@r=r, (13) 
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U 


A+Br* (15) 


Substitution of expressions 14 and 15 
into 12 and 13 yields two equations, 
namely 16 and 17 in the two unknowns 
A and B. Solving for these unknowns 
we obtain the following expressions: 


P, 


A= 
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P,; 1 


(17) 


With these constants evaluated, it is 
now possible to write the desired solu- 
tions for the strain components and 
the displacement. This is done by in- 
serting the values of A and B from 
equations 16 and 17 into equations 11, 
14 and 15. This gives us equations 18, 
19 and 20 below. 


P, 


P, 


(18) 


P, 


(19) 


P, 


U 


(20) 


The remaining task to complete the 
total solution is the determination of 
the stress components. The simplest 
method of doing this is to utilize equa- 
tions 2 and 3 for the stress components 
in terms of the strain components. Re- 
arranging equation 2 in more usable 
form yields: 


or = + 2G) + 2reg (21) 


P, P, 


Substitution from equations 18 and 19 
into equation 21 gives the desired re- 
sult for the radial stress component. 
However, this result can be simplified 
considerably by combining terms and 
reducing constants. Performing this 
simplification gives the final result for 
the radial stress component as equa- 
tion 23. 


| 
(3A+2G) 


(A+2G) 


= 
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(23) 
Proceeding in a similar manner as 


(2A+2G) 


above, we can establish the tangential 
stress component. The following steps 
omy analogous to equations 21, 22 and 


og = + G] + Aey (24) 


P, (2A+2G) 


+ 


P, (A) 


P, [A] 


P, 


+ 


In order to check part of the work, 
we note that when r=r, o, from equa- 
tion 23 is equal to P, and when r= r, 
it equals zero. This corresponds exactly 
to the boundary conditions used to de- 
termine the constants A and B in 
equation 11. The final solutions given 
in equations 23 and 26 correspond to 
those in standard texts on elasticity.’ 


| (3A+2G) | 


The specific problem dealt with in 
this paper has been the case of internal 
pressure. If the spherical container 
were subject to external pressure only 
the entire procedure outlined above 
will apply with only the appropriate 
change in boundary conditions in the 
general solution of equation 11. The 
resulting solution will of course hold 
only for the condition of external pres- 
sure. In order to establish the solution 
for the case of both internal and ex- 
ternal pressure acting simultaneously 
it is only necessary to add the two solu- 
tions. In this case it is possible to su- 
perpose the separate solutions to obtain 
the combined condition. 


A 


The Equation of Equilibrium 
for a Sphere’ 


The general differential equation of 
equilibrium of a sphere (subjected to 
internal pressure or external pressure 
or both) can be readily arrived at by 
considering figure 1 below: 

Consider the small element cut out of 
the sphere by the two concentric speri-, 
cal surfaces established by radii r and 
r+dr and the cone whose central angle 
is given by dq. The desired equilibrium 
equation is: 


r? r°-r,? 
is 
1- 
id j 
n= | 
| 
1, 
8, 
8) (26) | 
| 
9) | 
0) | 
19 | 
re- | 
ont. 
fied 
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this 
for | 
22) 
1T & G, page 359. 
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dr (dq)? = 


Note that dr and (dq)? are terms com- 
mon to each factor of equation (A). 
With the above and reducing constants 
we arrive at equation (B) in the de- 
sired form: 


do, , 2 


dr + (or 09) =O (B) 


APpPENDIx B 


Lamé Inversion for Centric Symmetry 

Hooke’s law enables one to readily 
write the relations giving the compon- 
ents of strain as functions of the com- 
ponents of stress. Using the fact that 
stress and strain components can be 
superposed (as long as the relations 


Placing expressions (1C) into equation 
(1A) we can solve for og and obtain 
equation (1D): 


oo r 
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do, 


dr 


4 dr (dq)* + dr (dq)? 


_-G(3A + 2G)e, + (A+ ( 


(A) 


between them are linear) we can write 
the generalized form of Hooke’s law 
for the case of centric symmetry: 


Ee, = — (1A) 


Keg = og—v(o, +09) (1B) 


We may now place Lamé constants 
in terms of the Hooke moduli and ob- 
tain the following expressions: 


_G(3A+2G) 


(1C) 


v 


~ 2(A+G) 


Now the substitution of these equa- 
tions, namely (1D) and (1C), into 
equation (1B) yields (1E): 


1D) 


2G (3A + 2G) «¢ 


Solving equation (1E) yields the de- 
sired expression for the stress com- 
ponent o, as a function of the strain 
components and the elastic properties: 


1Theory of Elasticity by H. J. Reissner and V. 
Institute of Brooklyn, 


L. Salerno; Polytechnic 


Graduate Division, 1948-1949 


G (3A + 2G)e,—- (A + G)o, 


| (A + G) (1E) 
or = A[2eg +e,]+ 2Ge, (1F) 


Jin a similar manner we derive the ex- 
pressions for o¢: 


og = A[2eg +e,] + 2Geg (1G) 


a 
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NOMENCLATURE 


E=Modulus of Elasticity. r,=Outside radius. 
G=Modulus of Elasticity in shear. r,=Inside radius. 
v=Poisson’s Ratio. P,=Internal pressure. 
A=Lame’s Constant. U=Total displacement radially. 
e,= Radial strain component. e=Base of natural logarithms. 
eg= Tangential strain component. t=Variable (used to transform differ- 
o,= Radial normal stress component. ential equation). 
og=Tangential normal stress compo- A=Constant. 
nent. B=Constant. 


‘ 


r=Radius. q=Angle. 
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HISTORY 


It may seem somewhat odd to refer 
to titanium as a new metal when, in 
fact, its existence was known more 
than 150 years ago. Since that time it 
has, of course, been familiar to chem- 
ists as a metallic element with a rec- 
ognized place in the Periodic Table, 
many of its compounds have long been 
used in quantity commercially, and for 
some years metallurgists have made 
use of it as a minor but not unimpor- 
tant constituent in the production of 
both ferrous and non-ferrous alloys. 
It is, however, only within the last 
five years or so that the metal has 
been produced on a tonnage basis by 
industrially worked processes. Until 
a few years ago few people had even 
seen it, it is not yet a common metal- 
lurgical commodity, and few metal- 
lurgists have experience of it or know 
much about it. This, therefore, is the 
justification for referring to it is as 
a new metal, which it is, in as much 
as we are just now witnessing its in- 
dustrial birth. 


In 1790, a Cornish clergyman named 
Gregor recognized that titanium di- 
oxide was the oxide of a hitherto un- 
known metal, and in 1795 the Austrian 
chemist Klaproth came to the same 
conclusion, and although he did not 
isolate the metal, he called it titanium. 
It was, however, the famous Swedish 
chemist Berzelius who first produced 
titanium, albeit in a very impure 
State, in 1825, the same year as that 
in which the Danish chemist Oersted 
is credited with having first isolated 
aluminum. Metal of about 95% purity 
was produced in 1887 by Nilson and 
Pettersson by reducing titanium tetra- 
chloride with sodium, and in 1895 
Moissan, by reduction in an electric 
arc, made metal of 98% purity, but it 
was brittle, and although in 1910 
Hunter, in the U.S.A., made titanium 
of about 99.5% purity, which was 
ductile when hot, it was brittle in the 
cold state. It was in 1925 that van 
Arkel and de Boer produced experi- 
mentally, by the dissociation of the 
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tetraiodide, metal sufficiently pure to 
establish the fact that titanium was 
ductile when cold. This indeed was 
the outstanding discovery made about 
titanium since its isolation in a crude 
form a hundred years earlier, and the 
discovery which indicated its poten- 
tialities. The assessment of the char- 
acteristics of titanium that could be 
made, following its experimental pro- 
duction in a pure form, provided a far 
different picture of the metal and its 
industrial future than it had previous- 
ly been possible to visualize. The tech- 
nique used by van Arkel and de Boer 
was one which on the grounds of cost 
and technological difficulties could not 
readily be translated into an industrial 
process, but their achievement pro- 
vided the spur for other work on 
methods of producing titanium which 
might constitute the basis of industrial 
processes for its manufacture in 
quantity and at much lower cost. 


In 1940, Kroll described a route for 
the production of titanium which, with 
some modifications, is the method by 
which most of the current output is 
produced, and it was, in fact, the first 
process which provided the prospect 
of manufacturing ductile titanium on 
an industrial scale. I will refer to it 
in a little more detail later, but es- 


sentially it consisted of reducing titan- 
ium tetrachloride with metallic mag- 
nesium. This pioneer work was fol- 
lowed up in the United States by re- 
search teams of the Bureau of Mines, 
who were responsible for an immense 
amount of valuable work which was 
the prelude to the first commercial 
production of the metal in the U.S.A. 
in 1948, in which year about 30 tons 
were made. This figure was almost 
doubled two years later, and in 1952 
it is reported to have been about 1000 
tons. Various figures have appeared 
for the estimated U.S. production for 
this year, and they range up to about 
10,000 tons, but much lower figures 
have been more recently quoted for 
what the actual production is likely to 
be. It has been suggested that outputs 
of the order of 20,000 tons per annum 
may be reached within the next two 
or three years in the U.S.A., to which 
country most of the titanium produc- 
tion has hitherto been confined. In 
Great Britain commercial production 
so far has been on a very limited scale, 
but within the next two or three years 
it may well reach a figure approaching 
2000 tons, and interest is also being 
shown in its manufacture in other 
countries. That broadly and briefly is 
the history of the metal to date. 


II.— GENERAL 


During the past six or seven years 
or so, an enormous amount of scientific 
and technological work has been car- 
ried out on titanium, mostly in the 
U.S.A., but not only there. On work 
of this kind many millions of pounds 
have been spent, and not only is the 
effort still proceeding, but it is being 
intensified. Never before has there 
been in so short a time so much re- 
search activity directed to a single in- 
dustrial metal. 


Clearly there must be a reason and 


a justification for this, and indeed 
there is. Briefly, it is that the metal 
has attractive physical and mechan- 
ical properties, a high strength: 
weight ratio, and outstandingly good 
resistance to corrosion generally. Its 
importance as a very desirable if not 
uniquely suitable material for several 
aircraft components was recognized 
as soon as sufficient of it had been 
made to enable its properties to be de- 
termined, if only approximately, and 
for evaluation tests to be made. Much 
of this work was done on metal com- 
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pacted from powder before techniques 
for melting in quantity were devised 
and developed. Limited though they 
were at the time, the results were 
enough to open up to the imagination 
a vista of possibilities extending far 
beyond such immediate and current 
uses as the properties of the metal 
and some of its alloys justify even at 
present prices. The early results and 
the picture of future possibilities 
which they unfolded, stimulated the 
vast volume of work which has since 
gone on concerning methods of pro- 
duction and fabrication of titanium 
and its alloys. 


Although the future is unpredict- 
able, the possible position of titanium 
in relation to other metals is a matter 
of no small interest to both metal pro- 
ducers and consumers alike. Of all the 
known chemical elements more than 
seventy are classified as metals. About 
half of these are so rare and compara- 
tively unknown that no appreciable 
use is made of them. Many of the re- 
mainder have significant and indeed 
important uses for specialized applica- 
tions, even though in small quantity, 
whilst a number are used quite wide- 
ly for many purposes in fairly large 
quantities. The remarkable advances 
in transport, communications, and va- 
rious other branches of engineering 
activity in the last decade or two have 
necessitated the use of such a wide 
variety of metals and new alloys—one 
of the most notable features in the 
metallurgy of our time—that we can 
regard ourselves as living in an age 
of new metals. 


But of all these there are only eight 
which are normally regarded as basic 
in the sense that they form what 
might be called massive metallurgical 
industries, in which primary metal 
production has reached annual figures 
of 100,000 tons or more, and so far as 
five of them are concerned, individual 
outputs extend to millions of tons. 
These eight metals are all well known 


to you for they are iron, copper, zinc, 
aluminum, lead, tin, nickel, and mag- 
nesium, and some of them have served 
the needs of mankind through centu- 
ries of time. The consumption of met- 
als both new and old is proceeding at 
a greater rate than ever, and it has, 
in fact, been reported, for example, 
that in the U.S.A. alone since the First 
World War most metals have been 
used in quantities exceeding the total 
world consumption for all time up to 
1914. 


Although its current production 
runs to an annual level of a few thou- 
sand tons, the use of titanium, because 
of its price, is limited at present to 
special purposes. This indeed may 
long continue to be the position. On 
the other hand, if more convenient 
and cheaper methods of extraction 
were devised, so enabling its cost to b= 
very substantially reduced, then it 
might well become a large-tonnage 
basic metal. In these days of high met- 
al consumption which have witnessed 
temporary shortages, unbalances, and 
high costs amongst some of the older 
strategic materials, as well as uncer- 
tainties regarding the future availabil- 
ity of some of them, the advent of a 
new metal is a matter of no little in- 
terest and moment. Especially is this 
so when it is known that the metal 
and its alloys possess properties 
which make them not only attractive 
for special uses, but suitable also for 
ordinary and more general applica- 
tions involving large tonnage con- 
sumption. 


It is, however, a far cry from the 
present position of expensive produc- 
tion and processing to what still is the 
purely imaginative ore of manufac- 
ture at price levels even approaching 
those of the more costly basic metals. 
All the major problems connected with 
the extraction, melting, fabrication of 
titanium, and there are indeed many, 
stem from its very high degree of re- 
activity when hot and particularly 
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when it is molten. Its great affinity for 
oxygen, the extremely low free en- 
ergy of its lower oxides, the solubility 
of oxygen, and the marked embrittling 
effect which quite small traces of it 
have on the metal, have proved major 
obstacles in the production of titanium 
of satisfactory quality by direct reduc- 
tion of its oxide, and in the reduction 
processes so far developed and worked 
industrially it has been found neces- 
sary to start with oxygen-free com- 
pounds. Since the molten metal at- 
tacks all the known refractory ma- 
terials used for lining metal-melting 
furnaces and for making crucibles, be- 
cause of the solubility of nitrogen and 
oxygen in titanium, and to a lesser ex- 
tent because of its high melting point, 
which is at present accepted as 1725° 
C., special equipment and procedures 
involving melting in vacuo or in ar- 
gon, far more costly to operate than 
the techniques usually employed for 
melting other metals, have had to be 
developed. I will refer later in a little 
more detail to reduction and melting 
operations, but what I have already 
said will make it clear enough that 
many serious problems will have to 


be solved before titanium can become 
a readily available metal. Formidable 
as many of these are, there is justifi- 
cation for a reasonable measure of 
optimism. Notwithstanding the diffi- 
cult and complicated nature of the 
most important extraction process so 
far developed and which was first used 
on an industrial scale so very few 
years ago, the amount of progress both 
in metal production and in improve- 
ments to the process itself are quite 
impressive. It may well be that even- 
tually other routes, more attractive 
either economically or technically, or 
both, will be devised. Although this is 
not the occasion for speculating in de- 
tail on future price trends of titanium, 
it is clear that success in any such de- 
velopments as the scaling up and sub- 
stantial improvement of existing pro- 
duction methods, or the devising of 
superior new ones, would undoubted- 
ly result in price reductions and con- 
ceivably, in due time, bring titanium 
into the range of basic metals which 
its general properties and its abundant 
and wide distribution over the world 
in the form of workable ores would 
make possible. 


OCCURRENCE 


In Fig. 1 is shown the relative abun- 
dance of some of the important metal- 


TH Po Co Sn Cu V Zn 
e 


Fic. 1.—Relative Abundance of Structural 
Metals. 


lic elements in the lithosphere, from 
which it can be seen that of the so- 
called common or. basic metals, that 
is, those which are or can be used in 
quantity for a wide range of ordinary 
purposes and form the basis of major 
alloy groups, only aluminum, iron, and 
magnesium are more plentiful than 
titanium. The extent of its occurrence 
is many times greater than that of sev- 
eral well-known metals, such as cop- 
per, zine, lead, and tin, put together, 
the extensive use of which, in addition 
to the obvious one of suitability, is 
also associated with the fact that their 
ores are fairly readily obtainable or 
accessible and yield up their metal 
content relatively easily. Titanium 


403 


| 
d 
it 
st 
n 
al 
| 
se 
to 
Ay 
yn 
nt 
it 
ge 
od | 
nd 
ler 
il- 
his 
tal 
ive 
for 
ca- 
the 
uc- 
the 
ac- 
ing 
als. 
vith 
1 of 
ny, 
| 
arly 
- | 


ores, on the other hand, whilst plenti- 
ful and accessible enough, are most 
discouragingly resistant to reduction. 


In view of the present great interest 
in the metal and its potential impor- 
tance, the sources from which it is ob- 
tained justify some mention. The chief 
ores of titanium are ilmenite (FeTiO,), 
a combination of iron and titanium 
oxides, and the oxide rutile, both of 
which derive originally, as decompo- 
sition products, from granites and peg- 
matites. Titanium ores have long been 
used as a source of titanium dioxide 
for the paint and other industries, the 
world production of ilmenite concen- 
trates amounting in 1951 to no less 
than 1,183,000 tons. This mineral oc- 


1, THE VAN ARKEL PROCESS 

In turning now to a brief survey of 
some of the techniques by which met- 
allic titanium is produced, the iodide 
method of van Arkel and de Boer 


Fic. 2—Plant for Production of Titanium 
by Thermal Decomposition of Titanium 
Tetraiodide. 
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curs as massive deposits in Canada, 
U.S.A., Norway, and Russia, and as 
beach sands in Queensland, Travan- 
core, and Florida. Rutile, which occurs 
to a much lesser extent, is found prin- 
cipally in Australia and the U.S.A. 
From information already known 
about deposits, it is evident that abun- 
dant supplies of ore exist. For exam- 
ple, one deposit in Eastern Quebec 
alone is estimated to contain the 
equivalent of about 25 million tons of 
titanium metal, but in addition to rich 
ores, there are vast quantities of low- 
er-grade ores in every part of the 
world. In short, and as far as the fu- 
ture can be foreseen, there are sup- 
plies of titanium ores to meet produc- 
tion levels comparable with those of 
today’s basic metals. 


merits a description, however brief, 
since it was by its use, although as a 
laboratory experiment, that the first 
ductile titanium was made and be- 
cause it is still the method employed 
for producing the metal in its purest 
form. In principle, it is an elegant 
process and in theory quite simple, for 
its operation turns on the fact that at 
relatively low temperatures titanium 
reacts with iodine to form titanium 
tetraiodide, which at higher tempera- 
tures dissociates into metallic titan- 
ium and iodine vapor, which is then 
available for continuing the cycle. 


The reaction is carried out in a 
vacuum-tight vessel such as that 
shown in Fig. 2, through the lid of 
which pass the necessary electrical 
connections for heating a thin filma- 
ment of titanium wire and connections 
to vacuum pumps and an argon sup- 
ply. Pieces of the material, usually the 
crude metal, from which the pure ti- 
tanium is to be extracted, are packed 
into the annular space between the 
wall of the chamber and an inner re- 
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fractory-metal radiation screen, usu- 
ally made of perforated molybdenum 
sheet. The lid with its attachments is 
then fitted to the vessel which is 
heated to about 600° C., kept under 
vacuum until all gases are removed, 
and the temperature then reduced to 
about 200° C., when the iodine or ti- 
tanium tetraiodide is released from a 
capsule and commences to react with 
the crude titanium. By the passage of 
an electric current, the filament of fine 
pure titanium wire, di as will 
be seen in the form of what has fan- 
cifully become known as a “hairpin,” 
is heated to 1400° C. On to this, under 
these conditions, titanium from the 
tetraiodide is deposited, the liberated 
iodine diffuses back through the per- 
forated screen to combine with more 
titanium, and so the process continues. 
It ceases when the filament has grown 
to such dimensions that either the 
electrical seals cannot carry the in- 
creased current required to maintain 
the filament at the temperature of de- 
composition, or the total amount of 
heat liberated in the container be- 
comes too great to be effectively dis- 
sipated, and, in consequence, overheats 
the interior of the reaction vessel. 
When the operation is finished, cool- 
ing is effected as quickly as possible, 
argon gas being simultaneously ad- 
mitted, until normal temperature is 
reached. 


Since neither oxygen, nitrogen, or 
carbon, nor other non-metallic im- 
purities normally present in crude ti- 
tanium metal take part in the reaction, 
the metal deposited on the filament is 
almost completely free from these im- 
purities. On the other hand, some 
metals, notably iron, which form vola- 
tile iodides, become involved in the 
reaction if present and are found in 
the purified metal of the filament. 

This iodide-dissociation method is 
usually operated as a_ purification 
process, but it clearly has possibili- 
ties for primary-metal production, 
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Fic. 3.—Plant for Magnesium-Reduction 
Process. 


and some consideration has naturally 
been given to these, although no major 
new developments have been re- 
ported. It would, for example, be pos- 
sible to extract the metal content in 
this way from titanium carbonitride, 
which is made by heating ilmenite 
with carbon in an electric furnace. 
In its present form, the thermal- 
dissociation process has several limi- 
tations including those of slowness and 
the use of expensive iodine, small 
losses of which on large-scale work- 
ing would materially affect costs. It 
would, however, be possible, for ex- 
ample, to have alternatives to a heated 
filament for effecting dissociation and, 
moreover, on such heated surfaces 
other compounds could possibly be 
used as the source of metal. 


2. THE KROLL PROCESS 

The process by which practically all 
of the titanium now being made in- 
dustrially is produced is that devel- 
oped by Kroll, although the plant and 
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operational details have been much 
improved and modified since it was 
first introduced. The basis for extrac- 
tion is titanium tetrachloride, a color- 
less liquid with a density of 1.76 g./c.c. 
and a boiling point of 136° C., made 
by heating titanium dioxide with car- 
bon at 800° C. in chlorine, after which 
it is purified by distillation. In Fig. 3 
is shown the type of equipment in 
which the reduction of titanium tetra- 
chloride by metallic magnesium is 
carried out. The vessel, which is con- 
structed of mild steel, is charged with 
high-purity magnesium, and the lid 
with its connections to the titanium 
tetrachloride feed, vacuum pump, and 
argon supply, is fitted into position. 
The system is then purged of air by 
evacuating and filling with argon, and 
throughout the operation a small posi- 
tive pressure of argon is maintained. 
The whole is then externally heated 
to the melting point of magnesium, 
when titanium tetrachloride is slowly 
introduced through the rotary feed 
pipe. This pipe, which passes through 
a sealing gland, is bent at the delivery 
end, and it is rotated during the reac- 
tion to ensure even distribution of the 
tetrachloride. The reaction is strongly 
exothermic, and as there is a risk of 
iron contamination from the contain- 
ing vessel at temperatures of the or- 
der of 900° C., the temperature is care- 
fully controlled and only permitted to 
rise to about 800° C., at which it is 
maintained by regulating the supply 
of tetrachloride and the external heat- 
ing. Molten magnesium chloride 
which is formed collects at the bottom 
of the reactor and is tapped off during 
the operation. On completion of the 
run, the reactor, still under a positive 
pressure of argon, is allowed to cool 
to room temperature, after which the 
lid is removed and the vessel trans- 
ferred to the purification unit. 


It contains a mass of titanium 
mixed with magnesium chloride and 
magnesium, and in the early days of 


THE NEW METAL TITANIUM 


406 


the process this was chipped out and 
extracted with dilute hydrochloric 
acid, washed, and dried. The coarse ti- 
tanium powder so produced contained 
considerable quantities of both hydro- 
gen and oxygen. The former could be, 
and was, removed by heating in vacuo 
at 800°-900°C., but the oxygen re- 
mained making the metal hard, brittle, 
and consequently difficult to fabricate. 
As a method of separation from reac- 
tion products and purification, leaching 
has given place to the more effective 
treatment at high temperature under 
high vacuum, a process previously de- 
veloped in the manufacture of zircon- 
ium. In this, as shown in Fig. 4, the 
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Fic. 4—Plant for Vacuum Purification of 
Product of Magnesium-Reduction 
Process. 


steel reactor containing its charge of 
intermixed sponge metal is introduced 
in an inverted position into a vertical 
retort which can be made gas-tight 
and connected either to vacuum 
pumps or an argon supply. The upper 
portion of the retort is surrounded by 
a removable electric furnace and the 
lower part by a water-cooled jacket. 
Mounted within the retort is a steel 
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container for collecting the magne- 
sium chloride, which is driven off 
from the sintered mass in the reaction 
pot and falls through a perforated 
grid, the magnesium being volatilized 
and condensing on the radiation 
screen. The operation is carried out 
under high vacuum, the pressure in- 
side the retort being reduced initially 
to 1 micron and held at a low value 
thereafter. After removal of the gas, 
the temperature of the retort is raised 
to about 800° C., maintained there for 
several hours, and then allowed to 
cool, argon being admitted during the 
final stages of cooling. At the finish 
there is left in the reactor only metallic 
titanium, a coke-like mass to look at, 
which is then broken up and ground to 
a suitable size for melting. 


Involving as it does initially expen- 
sive materials, that is, pure titanium 
tetrachloride, magnesium metal of high 
purity, argon gas, and difficult opera- 
tional techniques, the process is inevi- 
tably an expensive one. Nevertheless, 
it is workable industrially, and it has 
been the means of providing, even if 
so far in relatively small quantity at 
comparatively high cost, metal that 
has been wanted. Among the further 
improvements to the method that are 
envisaged is the removal of some of 
its limitations as a batch process by 
transforming it into a continuous op- 
eration. 


3. POSSIBLE ALTERNATIVE REDUCTION 
METHODS 


Because of the obvious desirability 
of producing titanium more cheaply, 
great interest centers around other 
methods of extraction, and a good deal 
of work is going on with this object. 
For example, further consideration 
has been given to the method of re- 
ducing the tetrachloride with sodium 
which, as already noted, was first done 
experimentally several years ago, and 
another method that has been worked 


is the two-stage reduction process of 
the oxide. This latter provides the ex- 
ception to the general understanding 
that chemical reduction cannot be ef- 
fected in the presence of oxygen. If 
titanium-oxygen compounds or tita- 
nium containing appreciable amounts 
of dissolved oxygen are held in con- 
tact with metallic calcium at tempera- 
tures of the order of 1000° C., oxygen 
reacts with the calcium to form calcium 
oxide, and the equilibrium amount of 
oxygen remaining in solution in the 
titanium is sufficiently small for the 
metal to be relatively soft and ductile. 
Theoretically, this means that the 
whole reduction process can be car- 
ried out without recourse to the inter- 
mediate stage of forming a halide 
compound, one of the costly steps in 
present methods, It has not, however, 
so far proved economically possible 
to effect the whole of the reduction 
by calcium alone, but by reacting the 
oxide with magnesium a lower oxide 
of titanium is produced. When the 
product of this reaction is leached to 
remove magnesium and magnesium 
oxide, the purified lower oxide of 
titanium remains. This is reduced by 
calcium and the residual calcium ox- 
ide removed by a second leaching. 
Metallic titanium is thus produced, 
but the oxygen content of metal hith- 
erto so made on an industrial scale 
appears to have been too high for it 
to be suitable for ordinary fabrication 
processes. 


Titanium powder can also be made 
by processes involving the prepara- 
tion and subsequent decomposition of 
the hydride, but such routes so far 
have not resulted in the production of 
pure metal at reduced cost. 


Where chemical methods are out- 
standingly difficult or otherwise un- 
attractive, attention naturally directs 
itself to processes of electrolysis on 
which, for the extraction of titanium, 
large sums of money have been spent, 
but up to the present no industrial 
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process of this kind has been devel- 
oped. The same restriction which the 
ruinous solubility of oxygen in met- 
allic titanium imposes on materials for 
reduction by chemical processes, 
would seem to render unlikely the 
successful electrolysis of aqueous so- 
lutions, as can be done for copper, or 
the use of oxides dissolved in molten 
salts, as, for instance, in the extraction 
of aluminum. Furthermore, no suit- 
able oxygen-free non-aqueous organ- 
ic solvents have been disclosed, and 
titanium tetrachloride itself is a very 
poor conductor of electricity. 


Experimentally, titanium has been 
produced in small quantities by elec- 
trolysis of titanium trichloride and 
other lower halides dissolved in fused 
lithium and potassium chlorides and 
similar electrolytes, but as the deposit 
is in the form of flakes or dendrites, 
the problem still remains of the satis- 
factory separation of the metal from 
the electrolyte. This has, in fact, 
proved a serious limitation in the elec- 
trolytic process as applied to high- 
melting-point metals with high affin- 
ity for oxygen, since it has not been 
possible to produce metal in massive 
form from fused-salt electrolytes un- 
less the metals are molten at the tem- 
perature of electrolysis as, for in- 
stance, sodium, magnesium, and alum- 
inum, and even the higher-melting- 
point metals such as calcium and 
Mischmetall. Modifications of the elec- 
trolytic process in which the metal is 
dissolved in another low-melting- 
point metal which acts as a liquid 
cathode is possible, as, for example, in 
cells using mercury or molten zinc, but 
these again would involve a subse- 
quent distillation process for the sep- 
aration of the solvent metal compara- 
ble with the Kroll vacuum-purifica- 
tion method. 


The lower chlorides of titanium un- 
dergo disproportionating reactions re- 
sulting in the formation of titanium 
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tetrachloride and titanium metal as 
follows: 


2TiCl, = TiCl, + TiCl, 
27iCl, = TiCl, + Ti 


Titanium trichloride, which is 
formed when excess titanium tetra- 
chloride is allowed to react with mag- 
nesium, consists of violet-colored 
crystals, and is always accompanied 
by the black, unstable dichloride pro- 
duced by the first reaction just re- 
ferred to. Titanium trichloride can also 
be formed by the direct reduction of 
the tetrachloride by hydrogen, form- 
ing HCl as a co-product. Some at- 
tempts have been made to produce ti- 
tanium metal by this disproportiona- 
tion reaction, but little success has yet 
been achieved. At present, the condi- 
tions under which these reactions oc- 
cur are not sufficiently understood to 
indicate how much promise they hold 
as the basis of a workable process. 


Because of the very low free en- 
ergy of its oxides, titanium metal in 
the presence of water vapor reacts at 
elevated temperatures almost irrever- 
sibly to form oxide and hydrogen. It 
is, however, theoretically possible at 
extremely high temperatures for this 
reaction to be reversed. A very large 
excess of hydrogen would be required 
to remove the water vapor and pre- 
vent recombination with the titanium 
and for the same reason the reaction 
would have to be carried out at fairly 
low pressures. Moreover, the neces- 
sity for operating at very high tem- 
peratures would require the solution 
of metallurgical engineering prob- 
lems of a major character. 


These are but a few examples of the 
many possible approaches that are be- 
ing considered, and, in some instances, 
actually investigated, as alternative 
routes on which industrial processes 
for the production of titanium might 
be based. 
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V.— MELTING 


The great affinity of titanium for 
oxygen and nitrogen, which necessi- 
tates the carrying out of extraction 
processes in the complete absence of 
air, also demands the same conditions 
for melting. Metal produced by ther- 
mal decomposition on a heated fila- 
ment can be worked directly into 
small-diameter rod or wire, but the 
product of the chemical reduction pro- 
cesses now being used needs to be con- 
solidated for further fabrication. In 
the pioneer days, this was done by 
compacting titanium powder, but the 
limitations of that technique for the 
production of the metal and its alloys 
in quantity in wrought forms made 
the development of melting techniques 
imperative. Since, as already men- 
tioned, titanium attacks all the refrac- 
tory materials normally associated 
with metal melting, methods not in- 
volving their use had to be devised or 
adapted. 


The one partly exceptional refrac- 
tory material is carbon, and methods 
of melting in vacuo or in an atmos- 
phere of argon in graphite crucibles 
heated by high-frequency induction 
or graphite resistors were developed 
and used. When molten, however, ti- 
tanium dissolves carbon, and although 
in small quantities the presence of this 
element is not seriously detrimental, 
the extent of carbon contamination 
when melting in graphite is consider- 
able and uncertain. 


The technique now generally em- 
ployed is based on the discovery of 
von Bolton in 1905 that high-melting- 
point metals—his experiments were 
conducted on tantalum—can be melt- 
ed in a water-cooled copper recepta- 
cle by striking an arc between an elec- 
trode and the metal to be melted. 
Thus the particular feature of this 
method is that the problem of finding 
a stable refractory material is avoided, 
rather than solved, by melting titan- 
ium in a vessel which can conven- 
iently and effectively be kept cold 
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Fic. 5.—Titanium Arc-Melting Unit. 


enough to prevent any bonding or in- 
teraction between the two. 


It has been developed in a compara- 
tively short time from laboratory- 
scale equipment to units capable of 
producing ingots weighing up to 4000 
lbs. This type of melting plant is illus- 
trated in Fig. 5. It consists of water- 
cooled copper crucible fitted with a 
water-cooled electrode having either 
a tungsten or a graphite tip, a hopper 
for feeding in crushed vacuum-puri- 
fied titanium sponge together with any 
alloying ingredients that may be re- 
quired, a sight tube, and connections 
to vacuum pumps and argon and wa- 
ter supplies. In operation a quantity 
of sponge is placed in the crucible, 
which is then evacuated and filled with 
argon. The arc is then struck between 
the electrode and the charge, and as 
the latter melts more metal is fed in 
from the hopper and the electrode 
progressively raised. In this way the 
ingot is built up, although at any mo- 
ment the pool of metal in the molten 
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state is quite small. At the end of the 
run the metal is allowed to cool in 
argon, and thereafter withdrawn by 
lowering the retractable base of the 
crucible. Modifications to the process, 
such as utilizing consumable elec- 
trodes of pressed titanium powder or 
sponge in order to eliminate impuri- 
ties derived from the electrode, and 
the continuous retraction of ingots, are 
being developed, but even so it in- 
volves high capital expenditure and 


working costs, and to obtain uniform- 
ity of composition under such condi- 
tions of melting requires careful oper- 
ational control. Although, as already 
noted, relatively large ingots are being 
made as the basis for the production 
of titanum and its alloys in wrought 
forms, nevertheless, the problem of 
devising cheaper and better melting 
techniques is second only in impor- 
tance to developing cheaper and im- 
proved extraction processes. 


VI.—PROPERTIES 


The vast amount of published mat- 
ter relating to titanium which has al- 
ready appeared covers much detailed 
information concerning the properties 
of the metal and its alloys, and, there- 
fore, these and other factors I propose 
to consider only broadly and gen- 
erally. 


Titanium undergoes an_ allotropic 
transformation at 882° C., above which 
temperature it has a body-centred 
cubic structure, known as the £ phase, 
and below this temperature it has an 
hexagonal close-packed structure, 
known as the a phase. Pure titanium, 
such as that produced by the dissocia- 
tion of titanium tetraiodide, is a rela- 
tively soft metal with high ductility. 
The a phase has a c/a ratio of 1.587, 
a value which is significantly lower 
than the theoretical value of 1.633 
corresponding to ideal close packing. 
In this regard it differs from other hex- 
agonal close-packed metals, such as 
magnesium, zinc, and cadmium, the 
c/a ratios of which are 1.624, 1.86, and 
1.89 respectively, and in these metals 
the dominant deformation mechanism 
is slip. on the basal planes. A low 
c/a ratio implies that prismatic and 
pyramidal planes are, relative to the 
basal plane, more closely packed, and 
consequently in titanium the former 
are slip planes. 


High-purity titanium can be easily 


cold worked, and it can sustain de- 
formation to the extent of reductions 
in area of more than 95% before an- 
nealing becomes necessary for fur- 
ther working. Its ultimate tensile 
strength is, however, only of the order 
of 15 tons/in.*, with an elongation 
value on 2 in. of between 40 and 60%, 
and, therefore, as an engineering ma- 
terial or as a construction metal in a 
wider and more general sense, its pos- 
sibilities are not comparable with 
those of commercial grades of titan- 
ium or of titanium alloys. 


Commercially pure titanium as pro- 
duced by chemical reduction methods, 
as, for example, the Kroll process, has 
considerably greater strength and 
lower ductility than iodide titanium, 
although the crystallographic features 
of the deformation mechanism are 
maintained. Ultimate tensile strength 
values of about 35-40 tons/in.?, with 
30-25% elongation, are typical of this 
quality of metal. The marked differ- 
ence between these properties and 
those of the iodide metal is attributa- 
ble to the presence of impurities, some 
of which in titanium have effects of 
unusual magnitude. Indeed, the tech- 
nology of titanium is dominated by 
four impurities—oxygen, nitrogen, 
hydrogen, and carbon—all of which 
form interstitial solid solutions up to 
the limits of their solid solubilities, 
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which for the first three are about 
30, 15, and 30 at.-%, respectively, 
while that of carbon is very limited. 
They find their way into the metal at 
various stages of processing and, in 
fact, most of the major problems aris- 
ing in the production, melting, and 
subsequent working of the metal are 
associated withthe necessity for ex- 
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Fic. 6.—Effect of Oxygen Content on Me- 
chanical Properties of Titanium. 


cluding, or at least minimizing as far 
as possible, contamination by these im- 
purities. 


So far as production technology is 
concerned, oxygen is, so to speak, in 
the light of present knowledge, titan- 
ium enemy number one, with nitro- 
gen quite well behind in second place. 
Although their effects on processing 
and properties are pronounced, hy- 
drogen and carbon are less significant 
impurities, since the former can be re- 
moved from the metal without re- 
course to remelting by heating to 800°- 
1000° C. in vacuo, while contamination 
by the latter can be limited to toler- 
able proportions by effective control of 


the purity of raw materials and melt- 
ing conditions. Once in solution, there 
is no established method yet by which 
oxygen and nitrogen can be removed, 
short of reconversion of the metal to 
the halide. In commercial grades of 
metal, oxygen may be present up to 
about 0.25% and nitrogen to about 
0.1%. Both bring about hardening 
with corresponding increase in 
strength and loss of ductility, and the 
effect of progressively increasing 
amounts of these two elements are 
shown in Figs, 6 and 7, which are based 
on the work of Jaffee, Ogden, and 
Maykuth. Weight for weight, the ef- 
fect of nitrogen is much greater than 
that of oxygen, but normally it is pres- 
ent in much smaller amounts, and 
furthermore, in processing by hot 
working, the extent and liability to 
nitrogen contamination is negligible 
in comparison with that of oxygen. In 
the production of titanium, the over- 
riding factor affecting the hardness 
of the metal is generally its oxygen 
content. 


On heating in air at comparatively 
low temperatures, oxides and nitrides 
are formed on the surface of titanium, 
and at higher temperatures these dif- 
fuse into the metal. In the early days 
of titanium metallurgy it was thought 
necessary to carry out hot-working 
operations in the absence of air to 
avoid embrittlement, and to this end 
elaborate techniques were devised 
which involved enclosing the metal in 
gas-tight welded sheaths of steel. 
However, further experience in hot 
working and the more precise infor- 
mation which has been obtained on the 
rates of diffusion of these gases and 
their dependence on temperature, 
which has been shown to be approx- 
imately exponential, has indicated 
that titanium can be processed with- 
out an intolerable degree of oxygen 
contamination at temperatures in the 
range of about 850°-1000° C., accord- 
ing to circumstances and with certain 
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reservations. While this is generally 
true, the fact remains that some oxy- 
gen is taken up, and to that extent the 
metal is deteriorated. Hence the com- 
pelling need for precise control of hot- 
working and annealing operations to 
ensure the least possible contamination 
by oxygen because of its adverse ef- 
fect both in further cold working and 
on the properties of the final product. 
The curves in Fig. 8 show the increase 
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Fic. 7.—Effect of Nitrogen Content on 
Mechanical Properties of Titanium. 


in hardness at and below the surface 
due to oxygen pick-up as a result of 
heating the metal for 1 hour at various 
temperatures. 


The maximum solubility of carbon 
in a-titanium is about 0.2%, and it is 
less in the ® phase, any present in 
excess assuming the form of discreet 
particles of titanium carbide. In 
amounts up to about 0.5%, the effects 
of carbon are not pronounced, except 
in so far as both machining and the 
production of ductile welds are more 
difficult. Metal containing up to this 
limiting quantity of carbon can be 
quite readily fabricated in the hot and 
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cold states, but with greater amounts 
the hot-working properties seriously 
deteriorate. As will be seen from Fig. 
9, which is based on the work of Fin- 
lay and Snyder, carbon, like oxygen 
and nitrogen, but to a markedly less 
degree, increases the strength and re- 
duces the ductility of titanium. 


Although it has been known since 
the early days of titanium production 
that a large content of hydrogen give 
rise to hardening and embrittlement, 
the amounts normally present were 
not considered to have any apprecia- 
able effect on the physical or mechan- 
ical properties of the metal. Recently, 
however, evidence has been obtained 
which indicates that a hydrogen con- 
tent as small as 0.02% may reduce 
the impact strength from about 25 ft.- 
Ib. on a standard Izod test-piece to as 
low a figure as 5 ft.-Ib., as shown in 
Fig. 10, without the tensile strength or 
elongation being affected. 


DEPTH BELOW SURFACE ww 

Fic. 8—Hardness Gradient in Titanium 

on Heating for 1 Hr. in Air. 


Commercially pure titanium can be 
readily hot worked by forging, roll- 
ing, extrusion, and other conventional 
methods, but in general, it is more 
resistant to cold working than are 
most non-ferrous alloys usually pro- 
duced in wrought forms. One feature 
of titanium which adds seriously to 
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the difficulty of such cold-working 
operations as drawing of various 
kinds and deep pressing, is its unfor- 
tunate tendency to seize on other met- 
als during sliding contact with them 
under pressure. So far no lubricant 
has been found which will prevent 
seizure of metal-to-metal surfaces, 
but this can be overcome to some ex- 
tent through avoiding metal-to-metal 
contact by oxidizing the surface of the 
titanium or depositing on to it layers 
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Fic. 9.—Effect of Carbon Content on Me- 
chanical Properties of Titanium. 


of other substances to serve as vehi- 
cles for the lubricant. Even under 
these conditions, only highly viscous 
or semi-solid lubricants can be used 
with any measure of success. Thus, for 
example, in drawing wire or tubes 
the metal surface can be oxidized and 
then carefully coated with molybden- 
um disulphide or a mixture of soap 
and calcium stearate. Alternatively, 
where circumstances necessitate it, re- 
course can be made to the technique 
of sheathing with another metal, which 
is removed by pickling towards the 
end of the cold-working operations. 
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Fic. 10.—Relationship Between Impact 
Strength and Hydrogen Content of Com- 
mercially Pure Titanium. 


In addition to the need for min- 
imizing contamination in processing 
and for special techniques for draw- 
ing, such as those just referred to, 
another factor which looms large, if 
indeed not largest, in the economics of 
current wrought-titanium production, 
is that scrap metal cannot be remelted 
and returned to the production cycle. 
This arises partly from the fact that 
massive scrap cannot be fed into arc 
furnaces of the type at present em- 
ployed for melting titanium, and 
partly from the necessity of avoiding 
cumulative contamination which 
would result from repeated melting 
and fabrication. Considerable effort is 
therefore being directed toward de- 
veloping furnaces capable of melting 
scrap in the charge and in devising 
processes for the removal of at least 
some of the contamination before re- 
melting. 


The effect of cold working on some 
of the mechanical properties of com- 
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mercially pure titanium is illustrated 
in Fig. 11, and the annealing curves in 
Fig. 12 on metal reduced 40% in thick- 
ness by cold rolling show that com- 
plete softening is effected by heating 
at 700° C. The generally accepted valué 
for the elastic modulus of isotropic 
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Fic. 11.—Effect of Cold Working on Com- 
mercially Pure Titanium. 


material is 15 x 10° lb./in.?, but like 
many other metals, titanium develops 
pronounced directional properties as a 
result of plastic deformation and, ac- 
cording to the crystal orientation in 
relation to the direction of testing, 
modulus values may vary between 14 
and 20 x 10° Ib./in.’. 


The fatigue properties of titanium 
are unlike those of most non-ferous 
metals for the S/N curve shows an ap- 
proach to a true fatigue limit. The ra- 
tio of fatigue to tensile strength is 
generally greater than 0.5, but the 
most notable feature in which titanium 
excels other non-ferrous and ferrous 
alloys in respect of fatigue-resistance 
is the degree to which this ratio is 
maintained under corrosive condi- 
tions. 


The impact strength of commercially 
pure titinium is of the order of 20-25 
ft.-Ib., and whilst, as already noted, 
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this property is very susceptible to the 
presence of impurities, notably hydro- 
gen, very much higher values char- 
acterize the pure metal. 


Even at room temperature the 
creep properties are disappointing, 
and tests which have been carried out 
so far indicate that creep occurs when 
the metal is stressed near to its proof 
stress, which is unusual in a metal 
having so high a melting point. 


The only mechanical properties 
which have been studied at high tem- 
perature in any great detail are the 
tensile and creep properties. As will 
be seen from Fig. 13 the strength falls 
away fairly uniformly as the tempera- 
ture is raised, but the proof stress falls 
much more tapidly at first and then 
remains approximately constant be- 
tween 200° and 350° C. Examples of 
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Fic. 12.—Effect of Annealing Commercial- 

ly Pure Titanium 40% Cold Rolled (1 hr. 
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stress-rupture tests, including for 
comparison the short-time ultimate 
tensile stress curve, are illustrated in 
Fig. 14. These curves show the va- 
rious stresses and temperatures at 
which failure will occur in 1, 10, 100, 
and 1000 hr. It can be seen that the 
rupture-strength curve for 1000 hr. 
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begins to fall abruptly at 350° C., and 
even for periods as short as 1 hr., 
further increase in temperature of no 
more than 50° C. causes rapid de- 
crease in rupture strength. Despite 
the expectations there may have been 
in view of its high melting point, com- 
mercially pure titanium is not suita- 
ble for applications involving long- 
continued stresses at temperatures ex- 


ceeding 350° C. 


Joining presents numerous prob- 
lems, many of which, especially those 
concerned with brazing and soldering 
and with the welding of alloys, are not 
yet solved. Commercially pure titan- 
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Fic. 13—Short-Time Elevated-Tempera- 
ture Tensile Properties of Commercially 
Pure Titanium. 


ium can, however, be readily welded 
by electrical-resistance methods and 
also by means of argon-arc techniques, 
provided that precautions are taken to 
shield from atmospheric contamina- 
tion not only the molten welded metal, 
but also all heated parts of the base 
metal, including the back of the weld. 
In the welding operation the metal 
runs easily, and there is no difficulty 
in consistently producing sound duc- 
tile welds of good appearance. 


The attractive strength: weight ra- 
tio is the feature of titanium and its 
alloys chiefly responsible for their de- 
mand and use in aircraft, but the oth- 
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Fic. 14.—Elevated-Temperature Stress- 
Rupture Properties of Commercially 
Pure Titanium. 


er excelling characteristic of the metal 
is its resistance to corrosion. The early 
optimism about this has been abun- 
dantly justified, and a broad indication 
of it in comparison with a few other 
well-known metals is provided in Ta- 
ble I. 


I.—Resistance to Corrosion 
in Various Media 


Austenitic 


Corrosion Medium Tita-| Stainless |Alumi 
Steel num 


nium Copper 

Cold 10% sulphuric : 

* * 6 
Boiling 65% nitric acid) * * 
Cold 5% hydrochloric 

Cold aqua regia ...... wv * * * 
Boiling 20% acid 

chloride solutions ..| + * * x 
Hot fatty acids ....... 


Key 
vy Suitable for use where little dimensional 
ad is tolerable; corrosion rate < 0°005 
in./year. 


© Suitable for use where some corrosion is tol- 
erable; corrosion rate 0°005-0° 05 in./year. 


* Not ordinarily suitable for use; corrosion rate 
>0°05 in./year. 


This outstanding resistance to cor- 
rosion is attributed to the presence of 
a protective oxide film which is most 
stable in oxidizing environments, and 
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under such conditions the behavior of 
the metal is similar to that of stain- 
less steel, but additionally the film on 
titanium is resistant to penetration by 
the chlorine ion, and so the metal is 
resistant to moist chlorine and aqueous 
solutions of many chlorine-containing 
compounds. Its resistance to sea-water 
and to marine conditions generally is 
of a very high order indeed. 


Within 1000 hr. all the specimens 
except titanium, which was not sensi- 
bly affected, were completely pene- 
trated over a considerable area. Fur- 
thermore, it is not corroded by foul- 
ing organisms in sea-water, nor is it 


corroded in this medium when it is 
coupled, for example, to stainless steel 
or cupro-nickel. 


It is resistant to cold nitric acid up 
to 98% concentration, sulphur com- 
pounds, strong alkalis, many organic 
acids, chlorinated solvents, and cold 
aqua regia. It is not affected by most 
foods and food products, or by body 
fluids, and being non-toxic it could be 
used for many purposes in surgery. In 
those solutions which do attack the 
metal, such as certain hot strong acids, 
the corrosion always appears to be 
general without evidence of either in- 
tercrystalline or stress corrosion. 


VIl.—TITANIUM ALLOYS 


As soon as ductile titanium became 
available, even in small quantities, at- 
tention was immediately turned to a 
consideration of alloying possibilities. 
In those early days, although they 
were only a few years ago, when lit- 
tle or nothing was known about the 
theoretical background or constitu- 
tion of titanium alloys, this work was 
in the main of an ad hoc nature, and 
consisted largely of making and test- 
ing a great many alloys containing 
varying amounts of one or more ele- 
ments that could conveniently be 
added to the metal, with the object of 
making a rapid assessment of the effect 
of such additions on the more com- 
monly determined mechanical proper- 
ties. 


A lot of work of this type was car- 
ried out by a large number of research 
teams, but as titanium of various 
grades and purity and various meth- 
ods of consolidation by powder com- 
pacting and melting were employed, it 
is not surprising that comparison and 
assessment of the different claims of 
the many alloy compositions was dif- 
ficult. Nevertheless, it became clear 
from these investigations that some 
elements showed promise as alloying 


ingredients, and at that time these 
were known to include iron, chromi- 
um, manganese, molybdenum, and 
aluminum, and from this work 
emerged a limited number of quite 
useful alloys which have been devel- 
oped on a production scale since about 
1950. In the meantime, not only has 
much more information been ob- 
tained about the properties and char- 
acteristics of these alloys, but several 
new and extremely promising com- 
positions are being developed as a re- 
sult of recent and current researches 
on the structure and constitution of a 
great number of binary and more 
complex titanium alloys. Although this 
has led to a fuller understanding of 
the behavior and characteristics of ex- 
isting alloys and pointed the way to 
new and improved alloys, it has also 
made it abundantly clear that the 
whole subject of the constitution of 
titanium alloys, quite apart from their 
technology, is a complicated one, and 
our present limited knowledge is itself 
an indication that a great deal yet re- 
mains to be found out. 


The role which various alloying ele- 
ments play is becoming more clearly 
defined. It is possible in this regard to 
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classify them into several groups on 
the basis of relative solubility in the 
two phases, but in considering them 
more generally and broadly it has 
been established that most of the me- 
tallic elements so far investigated, in- 
cluding iron, chromium, manganese, 
molybdenum, vanadium, tantalum, 
and niobium, depress the transforma- 
tion, are more soluble in the 8 phase 
than in the a phase, and tend to sta- 
bilize it. Two metals, namely aluminum 
and tin, have just the opposite effect. 
They are more soluble in the a phase, 
with which they form substitutional 
solid solutions, tend to stabilize it, and 
raise the transformation. Other ele- 
ments, such as oxygen, nitrogen, car- 
bon, and boron, which form intersti- 
Sw solid solutions have the same ef- 
ect. 


On slow cooling, the phase trans- 


formation takes place by a process of 
nucleation and at high 
temperatures, but rapid cooling sup- 
presses this type of transformation, 
and the a phase is formed at lower 
temperatures as a result of a marten- 
sitic type of change. Alloying additions 
influence not only the relative stabil- 
ity of the two phases, but also the 
cooling rate necessary to suppress the 
transformation, the temperature of the 
martensitic change and the nature of 
the decomposition products of that 
change. Depending, therefore, on the 
amount and type of element or ele- 
ments added, it is possible to produce 
alloys with structures consisting en- 
tirely of the a or 8 phases, or mixtures 
of these phases with or without such 
decomposition products as eutectoids, 
inter-metallic compounds, and others, 
the precise nature of which is not yet 
understood. 


Taste Il.—Approximate Compositions and Properties of a/f Titanium Alloys 


Typical 
Alloy Type Nominal Alloy Content, % | | Mechanical Properties 
] 0.2% P.S.| U.T.S. |Elonga- 
Cr | Fe | O: | Mo | Mn | Al tons/in.? |tons/in.*| tion, % 
T 
| 
Titanium-chromium-iron 1.8 0.9 0.15| ...| ... |... |Hot-worked 35-45 | 50-60 15-25 
2.7/1.3 0.25) ...| ... |... | amd annealed | 55-65 65-75 10-20 
3.6 1.5 | 0.5 at 700°C. | 65-75 75-85 5-15 | 
Titanivm-chromium-iron- | 2.0 20 {0.2 | 2.0) ... |... |Hot-worked 50-60 | 60-70 10-20 
molybdenum 4.5 (4.5 0.2 | 4.5/. and annealed) 55-65 65-75 5-15 
Titanium-manganese .-| 7.0 |..- | Annealed sheet| 60-65 | 65-70 | 10-20 
Titanium-manganese- Hot-worked | 
aluminum | 4.0 |4.0 bar 60-65 65-70 15-25 
Titanium-chromium- Hot-worked 
aluminum .|3.0| bar 60-75 70-85 5-10 


The sort of alloys that have so far 
been available are indicated, together 
with some room-temperature proper- 
ties, in Table II, which is based on 
data from various sources. They are 


all much stronger but less ductile than 
commercially pure titanium, their ten- 
sile strengths and elongation, values 
ranging up to 85 tons/in. and 25% re- 
spectively. They retain their proper- 
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ties somewhat better at high tempera- 
tures and have superior creep prop- 
erties. As a result of alloying, the su- 
perlatively good corrosion-resistance 
of the metal does not appear to be im- 
paired, and, in general, the alloys pos- 
sess the excellent fatigue and corro- 
sion-fatigue properties that character- 
ize the metal. Impact-strength values 
range from about 5 to 15 ft.-lb., ac- 
cording to composition, grain-size, 
structure, and impurity content, and 
although these are relatively low, they 
increase rapidly with temperature, 
values of 100 ft.-lb. being obtained 
with titanium-chromium-iron alloys at 
temperatures over 250° C., whilst 
alloys have been produced experi- 
mentally with room-temperature im- 
pact strengths of over 50 ft.-lb.. Al- 
though some doubt has been expressed 
about the notch sensitivity of high- 
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Fic. 15.—Effect of Temperature on Ulti- 
mate Tensile Stress of Commercially 
Pure Titanium and Titanium Alloys. 


strength titanium allows, particularly 
when subjected to fluctuating stresses, 
recent evidence suggests that some at 
least of the duplex alloys are equal to 
or better than high-tensile steels in 


this respect. 
Such alloys as those in Table II have 


essentially similar structures in as 
much as they consist of a mixture of 
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the two phases. The quantity of B- 
stabilizing elements present are suffi- 
cient to effect the retention of some 8 
at room temperature, and the pres- 
ence of a stabilizers, such as oxygen, 
carbon, and aluminum, modifies with- 
out basically changing the mixture of 
a/B phases. The optimum mechanical 
properties of these duplex alloys are 
developed by hot working them in the 
tranformation temperature range. If 
the working is not continued down to 
comparatively low temperatures, there 
is a risk that some loss of ductility 
will result. Rapid cooling from tem- 
peratures above that of the transfor- 
mation has an embrittling effect, so al- 
though these a/f alloys have shown 
themselves to be useful engineering 
materials, they are not suitable for 
welding. 


Duplex alloys containing aluminum, 
having a considerably higher trans- 
formation range, permit of more lati- 
tude in hot-working conditions, and 
the presence of this element also has 
the important effect of increasing the 
strength of the a phase at elevated 
temperatures. They thus retain a 
greater proportion of their strength at 
temperatures up to about 600° C. than 
do alloys in which a stabilizers are 
not present or where the a phase is 
strengthened only by interstitial al- 
loying elements and, moreover, they 
have improved creep properties. Re- 
cent evidence indicates that molyb- 
denum may be a beneficial addition in 
improving ductility and strength at 
elevated temperatures. The short- 
time elevated-temperature _ tensile 
properties of several duplex titanium 
alloys with those of some other metals, 
are shown in Figs. 15-17. 


Although all of the alloys which 
have so far been developed beyond the 
experimental stage are of the a/f 
type, attention is now being turned to 
single-phase alloys, since from results 
now being obtained it is evident that 
they, at least in certain respects, are 
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better than the duplex alloys. Thus 
alloys containing metallic stabilizers, 
such as aluminum or tin, in sufficient 
amount are not affected by cooling 
rate from high temperatures, and so 
are free from the limiting disadvan- 
tages which beset duplex alloys so 
far as welding is concerned. In addi- 
tion to having improved properties at 
high temperature and being far less 
sensitive to hot-working conditions, 
such alloys, if stabilized by aluminum, 
have the further merits of lower dens- 
ity than alloys containing such ele- 
ments as iron, chromium, or man- 
ganese, and improved resistance to 
oxidation which in hot working is a 
most useful attribute. It would thus 
seem that alloys of the a type may 
prove to have the best possibilities for 
high-tempature applications. On the 
other hand, they are less ductile and 
cannot be so readily cold worked. 


The interstitial solutes which sta- 
bilize the a phase have a different effect 
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Stress. 


on mechanical properties, for quite 
small additions give rise to pro- 
nounced hardening, and consequently 
marked changes result from small 
variations in alloy concentration. So 
far there has been no evidence to in- 


dicate that the addition of these ele- 
ments alone would be likely to give 
rise to useful titanium alloys. 


Alloys composed wholly of the 8 
phase appear to be much more ductile 
and to have a lower rate of work- 
hardening than single-phase a alloys, 
and are potentially therefore much 
more suitable for the manufacture of 
strip and sheet. Furthermore, fully 
stabilized 8 alloys, not being sensitive 
to rate of cooling, might be expected 
to hot work and weld as easily as a 
alloys. The development of satisfactory 
all-8 alloys, however, presents many 


S80 169 Cr STAINLESS STEEL 


18:8 Ti-Al AUSTENITIC STEEL 
D.T.D. 197 Al BRONZE 


B.S. 3142 ALUMINIUM ALLOY 


S80 169% Cr STAINLESS STEEL 
18:8 Ti-Al AUSTENITIC STEEL 
D.T.D. 197 Al BRONZE 


Ni-Cr-Mo STEEL 
$.80 16% Cr STAINLESS STEEL 
18:8 Ti-Al AUSTENITIC STEEL 
D.T.D. 197 Al BRONZE 


LENGTH PROPORTIONAL TO P.S./DENSITY 
LENGTH PROPORTIONAL TO U.T.S./DENSITY 
Fic. 17.—Ratio of Proof Stress and Ulti- 


mate Tensile Stress to Density of Various 
Alloys. 
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THE NEW METAL TITANIUM 


difficulties, several of which have not 
yet been resolved. For instance, in 
order to avoid the formation of em- 
brittling martensitic decomposition 
products when the alloys are heated 
to quite low temperatures, the 8 phase 
must be thoroughly stabilized, and this 
necessitates the addition of substantial 
amounts of alloying elements. This, of 
course, increases the density, but what 
is more important, it results in the for- 
mation of a highly alloyed phase which 
is much less ductile than a less heavily 
alloyed but incompletely stabilized 8 
alloy. Thus the desired cold ductility 
is seriously reduced by achieving 
complete stability. Alloys of this type 
would not be expected to have high- 
temperature properties as good as 
those of a/8 alloys, and therefore are 
not so suitable for service under such 
conditions, especially as they are par- 
ticularly sensitive to contamination by 
small amounts of oxygen, for example, 
which could give rise to ] in- 


stability and the formation of small 
amounts of embrittling decomposition 
products. 


It is too early yet to suggest what 
the relative importance of alloys of 
different structural types might even- 
tually be or to forecast the possible 
pattern of alloy development. The fact 
that in so short a time and in the al- 
most complete absence of detailed basic 
knowledge, alloys, have been produced 
with a strength: weight ratio better 
than that of any other available ma- 
terial, is, however, I would submit, 
most encouraging and augurs well for 
the future. The additions that have 
been made to our knowledge in the 
meantime, and the clarifying informa- 
tion that is being obtained from cur- 
rent studies on alloy constitution and 
properties, warrant the confident ex- 
pectation of much progress in the 
development of new alloys in the near 
future. 


VIII.— APPLICATIONS 


So much has already been said and 
written on many occasions recently 
about the present use of titanium and 
its alloys in the construction of air- 
craft that no further comment is called 
for regarding this well-known ap- 
plication, which can, on technical and 
economic grounds, justify the con- 
sumption of all the titanium that is 
being made now or is likely to be made 
in the immediate future. Neither is it 
necessary to speculate on other uses, 
for it seems sure enough that the con- 


sumption of the metal in much greater 
quantities for other applications— and 
already there are many for which 
titanium and its alloys are well suited 
—will quickly follow when it is more 
readily and more cheaply available. 
As I see it, the advent of titanium 
as an industrial metal provides metal- 
lurgists with yet another field of en- 
deavour and further scope and oppor- 
tunity for adding importantly to their 
many notable achievements and con- 


tributions to progress in the past. 
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INTRODUCTION 


The Naval War College studies War 
primarily from the “Perspective of 
Command” and it is from this perspec- 
tive that I approach the subject o 
Logistic Planning Factors. The “Per- 
spective of Command” may be de- 
scribed as that point of view which 
knows the nature of the technical prob- 
lem of the command; which recognizes 
how they affect its capabilities and 
which understands the amount of time 
and effort required to solve these prob- 
lems. This knowledge is essential to 
the discharge of those inescapable ob- 
ligations and prerogatives of command 
to coordinate the activities of technical 
assistants and to evaluate their recom- 
mendations. This “Perspective of Com- 
mand” represents a balance of knowl- 


edge and thinking which is not easy 
to achieve. 

The practice of the Art of Command 
requires a mastery of the tools which 
science provides. It is only recently 
that the resources of science have been 
applied to the command aspects of 
Logistics. 

The Fundamental Relationships in- 
volved in what we so blithely call the 
Art and Science of War can be stated 
quite simply: 


“Strategy and Tactics provide the 
scheme for the conduct of War: Logis- 
tics provides the Means therefore.” 
Since it is manifestly absurd for any- 
one to presume to plan or to execute 
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a scheme of war without understanding 
and controlling the means for its ac- 
complishment, two further principles 
naturally follow: 


“Logistics is a responsibility of Com- 
mand.” 


“A Commander must have the same 
control over his Logistics operations as 
he exercises over his tactical opera- 
tions.” 


These principles are fundamental. If 
they are violated one of two results is 
likely: —military disaster may ensue, 
or victory will be attained only after 
unnecessary delay and with unneces- 
sary waste of life and resources. 


The study of Logistics has two as- 


First, the Perspective of Command. 
Second, the Technical Perspective. 


This paper will deal primarily from 


the Perspective of Command, i.e., the 
planning of major operations, and the 
coordination of the work of subordinate 
commanders and technical specialists. 


The planning factors that will be 
discussed will be those most useful to 
“Command.” However, from time to 
time, I may touch on the planning fac- 
tors that the technical specialists will 
use, for inevitably there is consider- 
able overlap between these. 


While some of the methods men- 
tioned may be officially sanctioned and 
used, I will make no effort to follow or 
present any official doctrine. Official 
doctrines change from time to time; 
the basic facts, the basic problems, and 
the basic forces remain the same, re- 
gardless of any rules that High Au- 
thority may promulgate. It is only when 
these basic facts and forces are under- 
stood that the Commander can be the 
master rather than the slave of the 
tools of planning. 


PLANNING FACTORS 


All systems of Logistic Planning use 
Planning Factors of one sort or an- 
other. 


Logistic planning factors have been 
prepared to simplify and speed up 
certain parts of the overall task of 
Naval Logistic Planning. If they are to 
do this, they must be used with dis- 
cretion and with a clear understanding 
of their nature, their derivation, and 
their limitations. 


Naval Logistic Planning Factors are 
arbitrary values which represent the 
quantitative relationships that exist 
between the composition and employ- 
ment of naval forces on the one hand; 
and the availability, consumption or 
utilization of materials, personnel, fa- 
cilities and services on the other hand. 

These relationships may involve, 
time, distance, volume, weight, area, 


number of units of a commdoity, cost, 
life expectancy and other matters. They 
are used in planning supply, equip- 
ment, construction, personnel, trans- 
portation, and repair, salvage and hos- 
pitalization facilities. 


Planning Factors may be merely the 
record of the personal experience of 
the planner written in a little black 
book kept in his hip pocket. In some 
instances, they may be taken directly 
from some official publication, such as 
the Navy “Logistics Reference Data” 
or the Army Field Manual 101-10, in 
other instances they may be the results 
of recent surveys or analyses, the re- 
sults of which have not yet been of- 
ficially published. To be most effective, 
planning factors should be a group of 
factors based on a detailed scientific 
study and evaluation of many types of 
situations. 
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This scientific study requires the un- 
derstanding cooperation of the fleet on 
all levels from Fleet and Type Com- 
manders down thru The Ship Heads of 
Departments. 


All planning factors are based on ex- 
perience or usage data, some of it good, 
some of it very poor; some of it obso- 
lete, some of it up-to-date. Therefore, 
some of our planning factors are quite 
accurate and some are hardly better 
than wild guesses. 


Planning Factors do not become 
good planning tools unless the plan- 
ner knows the circumstances under 
which the fundamental usage data on 
which the factors are based were col- 
lected and processed. 


If we can devise methods and fac- 
tors that are suitable for various types 
and levels of planning, we will have 
done much to simplify the problem. 
However, we cannot expect too much 
simplification. Logistic planning will 
always be a difficult task, a task that 
challenges our best abilities. Planning 
Factors—regardless of how carefully 
they may be prepared can never be a 
substitute for imagination and good 
judgment. 


Prior to World War II the Army had 
its Field Manual 101-10 which gave 
planning factors for various organiza- 
tional units and situations. 


Up to World War II the Navy had 
practically no Logistic Planning Fac- 
tors. While each Bureau had reams of 
data and factors pertaining to its own 
internal technical operations, very lit- 
tle of this was useful from the Perspec- 
tive of Command. The ship character- 
istic cards and the publication of “Ship 
Characteristics” gave certain data as 
to speed, fuel capacity and fuel con- 
sumption and as to capacity of ammu- 
nition, food and stores, and some other 
matters. However, these data were not 
based on war conditions, and frequent- 
ly were not accurate or properly co- 


ordinated. Each Bureau devised its own 
scheme for estimating its own techni- 
cal requirements and made individual 
collections of data. There was little 
systematic exchange of information, no 
overall coordination, and on the whole, 
line officers took little interest in these 
matters. 


During the War, most Naval losgistic 
planners prepared their own data as 


a result of their own personal experi- 
ence. (The “Little Black Book” that 
always will be an invaluable supple- 
ment to the official logistic publica- 
tions.) The major logistic require- 
ments were based primarily on the 
guesses of individuals who were will- 
ing to stick their necks out and say, 
“This is It, this is what I want.” There 
was no systematic correlation of us- 
age and purchase, and there was very 
little attempt to collect accurate data. 
At one time even, The Deputy Com- 
mander Pacific Fleet, in disapproving 
proposals to obtain better reports from 
advanced Naval Bases, said that the 
Navy was too busy working to make 
reports, while the Army was so busy 
making reports it couldn’t get much 
work done. 


Since there were no data or plan- 
ning factors it was not possible to make 
studies of the real cost of advanced 
shore bases versus floating support. 
Hence, it was assumed that it was 
faster and cheaper to build advanced 
bases rather than logistic support ships. 
However, post war studies indicate 
that in a majority of instances the re- 
verse is true. 

During the war there were certain 
particularly significant developments 
which lead to improved planning sys- 
tems and planning factors. In late 1942, 
the Logistics Plans Division of the 
Office of the Chief of Naval Operations 
was reorganized under Rear Admiral 
Oscar Badger. All logistic planning was 
brought under his coordinating con- 
trol, and an orderly system of records 
was set up. 
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The Catalog of Advanced Base 
Functional Components was developed 
in 1943; this systematized and broke 
down into manageable units the huge 
advanced base projects; the Lions, 
Cubs and Acorns. 


The Bureau of Ships and the Bureau 
of Supplies and Accounts collaborated 
in setting up a Technical Spares De- 
pot at Mechanicsburg in which usage, 
procurement, storage and distribution, 
were seen as a whole. 


The Bureau of Supplies and Ac- 
counts and the Bureau of Aeronautics 
systematized the distribution of avia- 
tion spares in the Aviation Supply 
System and in this developed the Sup- 
ply Demand Control concept. 


And finally, in late 1944, Command- 
er Western Sea Frontier was set up as 
the coordinator for the logistical sup- 
port of the Pacific Fleet which flowed 
through West Coast ports. However, 
most theater, fleet and task planning 
continued to be on the basis of per- 
sonal guesses. 


In 1944 and 1945, Commander-in- 
Chief Pacific Ocean Area; the Bureau 
of Yards and Docks; and the Bureau of 
Supplies and Accounts compiled some 
averages as to the various factors of 
man hours of effort involved in the 
building of various advanced base fa- 
cilities and the Bureau of Ships start- 
ed studies in the “Repair Equivalent 
Requirements of Various Types of 
Ships.” Other Bureaus also did work 
on similar projects. 

In 1946, the Chief of Naval Opera- 
tions directed the Bureau of Supplies 
and Accounts, with the collaboration 
of the other Bureaus, to develop “Log- 
istic Reference Data.” That Bureau, 
using the Research Facility at the Nav- 
al Supply Corps School at Bayonee, 
developed the first edition then called 
“NavSandA 94.” This was a compilia- 
tion of usage data and experience over 
a very wide variety of Naval Logistic 
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Support categories. The other Bureaus 
collaborated. 


As such, it was a great improvement 
over anything the Navy had ever had 
before, but it had many shortcomings. 
Several revisions since the first edition 
have greatly improved it and it now 
provides the working foundation for 
most Naval Logistic planning. How- 
ever, Logistics Reference Data now 
published by OP-NAV as NWIP 11-21 
still has certain shortcomings and, in 
many instances, the officers in the 
Fleet, the Bureaus and in OP-NAV de- 
pend on their own private records and 
evaluations to plan. 


In 1947-48, the Logistics Department 
of the Naval War College, using the 
figures contained in Logistics Refer- 
ence Data, made the first effort to 
compile “Planning Factors” which 
were aggregations of data useful for 
quick general estimates. 


In 1949, the newly created Logistics 
Research Project of the George Wash- 
ington University undertook the first 
scientific study of Logistics Planning 
Factors. At the same time, this same 
group started the development of an 
electronic logistics computer and in 
1952 undertook the collection and an- 
alysis of usage data among ships which 
had taken part in Korean operations. 

The foundation of good planning fac- 
tors is good usage data. Since this is a 
self evident statement, it is interesting 
to note that the first overall scientific 
analysis of Fleet Usage Data was start- 
ed in 1952. Up to that time, while cer- 
tain individual technical items had 
been analyzed, no serious attempt had 
been made to correlate individual stud- 
ies or to analyze the furdamental na- 
ture of the problem. 


The result is that many of our pres- 
ent planning factors are based on us- 
age data that is too broad for accurate 
planning. We know for example, how 
much of certain categories was shipped 
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to the Pacific for a given period, but 
we don’t know what happened to the 
material. We don’t know how much 
went for its designed use, how much 
was lost, or stolen, how much was 
wasted thru deterioration, or how much 
of the storage inventory aboard ship 


or in depots was necessary. Yet, the 
planning factors for Fleet use are based 
on the amount shipped rather than the 
amount actually used by the ships of 
the fleet. 


Figure 1 illustrates the problem. 


TRUE REQUIREMENTS 
vs 
REQUIREMENTS BASED 
ON TOTAL SHIPMENTS 


ACTUAL CONSUMPTION BY 
LEGITIMATE USER 
READY RESERVE 


OISTRIBUTION CUSHION 
WASTAGE & PILFERAGE 


IN OCEAN TRANSIT 


TRUE 
REQUIREMENTS 


REQUIREMENTS 
USING A FACTOR 
BASED ON SHIPMENTS 


CON US STORAGE 
CON US PIPELINE 


Take for example an instance where 
the number of ships is increased by 
100% with no other major change in 
the operation. It is likely that consump- 
tion would be doubled but that ready 
reserve would have to be increased 
25% to handle the situation—and the 
other factors would not change. 


The true requirement would be 
2A+125B+C+D+E. 


If on the other hand we use.a factor 
based simply on overall shipments we 
will come up with a requirement of 
2(A+B+C+D+E). 


Our present factors do not always 
make this distinction, hence their blind 
use may result in tremendous over 
supply and the build up of the Logistic 
Snowball. This explains why so many 
planners rely wholly on the Little 
Black Note Books in their hip pockets. 


In 1950, the Logistic Research Proj- 
ect evolved the Three Factor Method 
of planning. 

Since 1951, both the War College and 
CinClant have used this method in 


some of their work and have collabor- 
ated with the Logistics Research Pro- 
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ject in its further development. Sever- 
al months ago, Op-Nav requested that 
the Project submit a revision of the 
Three Factor Method as applied to re- 
supply requirements in order that it 
may be distributed to certain com- 
mands for test and comment. 


As of today, therefore, the Navy 
uses the following varieties of planning 
factors. 


Logistics Reference Data NWIP 11- 
21. 


The Three Factor Method and 
Tables. 


The Marine Corps Reference Data 
for Amphibious Operations NAV- 
MAC 1048. 


Logistic Planning requires Five es- 
sentials— 


First—Understanding of the nature 
of Logistic Planning. 

Second—A method or system of cal- 
culating quantitative requirements. 


Third—A record of previous experi- 
ence expressed in specific quantitative 
numbers. These numbers may repre- 
sent either evaluated analyses or raw 
averages. 


Fourth—The exercise of skilled pro- 
fessional judgment in the selection of 
the system and the manipulation of the 
numbers. 


Fifth—Complete integration of Log- 
istical, Strategical and Tactical Plan- 
ning at all levels of command. 


Logistics planning is a series of ap- 
proximations, compromises, and refine- 
ments, the nature of which will change 
in accordance with certain variables. 
These are: the type of planning, the 
level of planning, the range and tim- 
ing of planning, and finally, the nature 
of the combat situation facing the plan- 
ner. The Methods and Factors which 
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Bureau Publications and Manuals. 


Privately Prepared Charts, Tables 
and Little Black Books. 


Army Field Manual 101-10. 
Air Force Manual 400-5. 


An uncertain number of Depart- 
ment of Defense, J.C.S. and NATO 
charts and standardized criteria 
that have been provided to insure 
the use of uniform criteria in cer- 
tain types of planning. 


I am quite sure that no one will ever 
be able to develop a single standard 
set of planning factors that will be 
adequate for all types and levels of 


naval logistic planning. 


may be suitable for one problem and 
set of circumstances may be quite un- 
suitable for other problems and other 
circumstances. 


The Type of Planning 

The type of planning is an important 
variable and in this there are several 
ways of looking at the problem. 


Since the Art and Science of Logis- 
tics is not yet fully developed there may 
be some differences of opinion as to 
the precise terminology which should 
be used to define these different types 
of planning. However, the differences 
are real and in general follow the de- 
scriptions given hereafter. 


One approach is to consider that in 
logistics there are two very general 
types of planning, the first of which 
may be called “Logistic Planning.” This 
may be considered as an analysis of the 
relevant logistic factors in a situation. 
The analysis is made in order to reach 
a decision as to a strategic or tactical 
course of action. The other may be 
called “Planning for Logistics” or 
“Planning for Logistics Support.” This 
is the planning of the details of the 


les 
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logistic support required to carry out 
the decision which was previously 
reached. 


Another point of view breaks the 
subject into two broad types, “Capa- 
bilities Planning” and “Requirements 
Planning.” 

Capabilities Planning 

Capabilities Planning is usually the 
determination of what combat forces 
you can create and support with the 
means that are or can be made avail- 
able. 

In Capabilities Planning it is likely 
that a limited number of commodities 
and services will be used. Experience 
will indicate which are critical to the 
decision. Usually broad factors are use- 
ful. The factors and methods used 
should be susceptible to rapid mathe- 
matical manipulation in order that a 
large number of situations may be 
readily evaluated. Capabilities Plan- 
ning usually moves from a high level 
down toward a lower level (ie., the 
higher level is trying to estimate the 
effect of certain limitations on the ca- 
pabilities of subordinates). 


Requirements Planning 


Requirements Planning differs from 
capabilities planning in that it is the 
process of determining what must be 
procured in order to carry out a spe- 
cific course of action with specific 
forces. It would appear that the plan- 
ner is on the same street as in Capabil- 
ities Planning — but he is going in the 
opposite direction. He starts with the 
forces and scheme and works up 
through the levels of command in order 
to determine what must be produced 
or budgeted. 


INDUSTRIAL Or Bupcet CAPABILITIES 
PLANNING is a determination of how 
the procurement and production capa- 
bilities of the nation limit or otherwise 
affect the build-up and logistic support 
of the combat forces. In peace this is 
determined by budget limitations; in 
war by economic or industrial limita- 
tions. 

INDUSTRIAL Or Bupcet REQUIREMENTS 
PLANNING is the determination of what 
industrial facilities and capacities or 
what amount of appropriations are re- 
quired to support the combat forces 
under certain assumed conditions in 
peace or in war. 


THEATER SysTeM CAPABILITIES is the 
determination of the manner in which 
the theater logistic installations, sys- 
tems, facilities, personnel, and material 
limit or otherwise affect the size, loca- 
tion, support, and movement of the 
combat forces. 


THEATER SYSTEM REQUIREMENTs is 
the determination of the number, type 
and capacity of the theater logistic sys- 
tems, etc., under certain assumed con- 
ditions. 

THEATER ITEM AVAILABILITY is the de- 
termination of how the availability of 
supplies in the theater affect the sup- 
port and movement of the combat 
forces. 


THEATER REQUIREMENTS is the 
determination of the requirements for 
certain specified items of supply to sup- 
port the operation of the theater com- 
bat forces under certain assumed con- 
ditions. 

Thus, it will be seen that Budget 
Planning, Industrial Planning, System 
Planning or Item Planning can be done 
either on a capabilities or requirements 


basis. 
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THE VARIABLE FACTORS 
LEVEL, RANGE, AND NATURE OF SITUATION 


The level of planning has a very im- 
portant bearing on the method and fac- 
tors used in planning. At low level, 
precise factors in relation to very spe- 
cific items are usually required. At the 
highest level, since the use of detailed 
factors for each element of the plan 
causes intolerable delay, very broad 
factors are used to make general ag- 
gregations of commodities and equip- 
ments. These broad factors, however, 
must be accurate enough to give assur- 
ance that the lower levels charged with 
detailed development of plans will re- 
ceive feasible broad plans. One of the 
major problems in high level planning 
of either capabilities or requirements 
type is that of developing planning 
methods and factors by which many 
different situations and assumptions 
can be rapidly evaluated in terms of 
their logistics implications. 


The range of planning has an import- 
ant effect on the choice of methods and 
factors. Normally, short range planning 
calls for much more specific methods 
and exact factors. In long range plan- 
ning more room for give and take is 
permissible, particularly in relation to 
the time element. 


Closely related to the question of 
range is the question of the nature of 
the situation. 


Is it stable? That is to say, is the level 
of activity reasonably constant over 
a long period of time. If so, the problem 
is similar to the question of SuppLy 
MANAGEMENT with its associated ele- 
ments of Stock and Inventory Control. 


Is the situation unstable or fluctuat- 
ing? Are we fighting a defensive, re- 
treating action with all its unpredict- 
able losses of material? Or, are we 
fighting an offensive, advancing action, 
with all its problem of steady expan- 
sion of effort and with periodic build- 
ups to support specific operations? In 
either case, the problem becomes more 
complex and the maintenance of ade- 
quate reserves and flexibility is both 
important and difficult. Speed of plan- 
ning is very important, and important 
decisions in one logistic category may 
require quick, if broad, estimates of 
requirements in another category. The 
factors and methods which give great 
economy in a stable situation may not 
be adequate for the changing situation. 


THE METHODS OR SYSTEMS OF LOGISTIC PLANNING 


One method commonly used is LINE 
Irem planning. This is the handling 
and processing of each item of supply 
and equipment as an individual and 
specific task. For example, a case of 
soap, an armature for a generator, a 
small boat propellor, are all line items. 
For certain situations this is the most 
reliable and efficient method. How- 
ever, in high level planning it requires 
so much time and detail that Strategic 
and Logistic Planning cannot be con- 
current. 


Another method of planning involves 
a so-called THREE FACTOR METHOD. In 


this, three factors, “Activity,” “Con- 
version” and “Judgment” are manipu- 
lated to determine requirements of in- 
dividual items or certain aggregates or 
groups of items under a variety of cir- 
cumstances. In its present state of de- 
velopment this method appears im- 
mediately useful in major task forces, 
and theater, or higher level commands, 
for obtaining approximate require- 
ments in selected categories, and for 
certain types of high level “Capabili- 
ties Planning,” and in “Logistics Plan- 
ning.” 


The following brief explanation of 
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the Three Factor Method will be help- 
ful at this point. 


The basic equation of the Three 
Factor Method is: Requirements= 
Activity Factor x Conversion Factor 
x Judgment Factor. 


The Activity Factor is the measure 
of the level of an activity upon which 
one or more consumption rates de- 
pend. The Activity Factor is given in 
tables which reflect the best possible 
analysis of past and current usage data. 


The Conversion Factor, also taken 
from tables, is a device to translate 
a single activity factor into consump- 
tion rates of one or more commodities 
or supplies. 


Both the Activity Factor and the 
Conversion Factor are designed to per- 
mit the use of high speed computing 
equipment. 


The combination of Activity Factor 


and the Conversion Factor give to the 
planner an estimate of the require- 
ments for his forces under the assump- 
tion that they be operated under the 
so-called “Standard Conditions.” If the 
planner considers that these forces 
will operate under these same condi- 
ditions he uses a judgment factor of 
one. However, so-called “Standard 
Conditions” are almost never encount- 
ered and hence the judgment factor 


will be selected by the planner to con- 
form to his personal professional esti- 
mate of how the actual planned oper- 
ating conditions will vary from “stand- 
ard.” 


To facilitate this, at the top of each 
table certain standard conditions are 
stated. These state in general terms the 
following conditions which the basic 
activity factor represents: type of em- 
ployment, degree of enemy opposition, 
tempo of employment, climate, sea, 
wind, and percent of complement on 
board. 


No matter what the numerical value 
of the judgment factors may be, the 
three factors are suitable for very rap- 
id and simple manipulation to give 
quantitative requirements. As experi- 
ence is gained in the use of these plan- 
ning factors, many changes can be ex- 
pected. New areas of usefulness will 
be discovered and better statements of 
so-called “Standard Conditions” will 
be made. Certainly the actual figures 
of the Activity Factor will be changed 
as more usage data are analyzed. 


Between these two different ap- 
proaches, one: that of detail; the other, 
that of broad aggregation, we find 
many different, methods of planning, 
none of which has been formally de- 
scribed. 


WHERE WE NOW STAND 


1. The basis for all strategic plan- 
ning is the knowledge that you can 
support the combat forces in the 
scheme of maneuver proposed. This is 
based on the determination of require- 
ments which are in turn based on plan- 


ning factors. Since all strategic plans 
and all BUDGET ESTIMATES are based on 
LOGISTIC PLANNING FACTORS of one sort 
or another there is an urgent need for 
their improvement. This improvement 
can come only thru research and the 


429 


yver 
lem 
PLY 
ele- 
trol. 
uat- 
, re- 
dict- 
we 
tion, 
pan- 
uild- 
3? In 
more 
ade- 
both 
plan- 
rtant 
may 
es of 
The 
great 
ry not 
ation. 
“Con- 
anipu- 
of in- 
ates or 
of cir- 
of de- 
rs im- 
|| 


LOGISTICS PLANNING FACTORS 


COORDINATION REQUIRED FOR THE DEVELOPMENT OF METHODS AND TECHNIQUES OF 
LOGISTIC PLANNING 


WAV PLANS GROUP 


‘NFO JOINT LOGISTICS 


fore] 


* FULL EXCHANGE OF 


INFORMATION AND 
IDEAS ON WORKING 


LEVEL WITH MINIMUM 
FORMALITY 


Figure 2 


free exchange of ideas and experience 
between the interested agencies as 
shown in Figure 2. There is not yet 
an adequate exchange of opinion and 
experience in the development: of 
planning factors. 


2. No two major commands in the 
Navy use the same system and the 
same planning factors. Logistics Ref- 
erence Data, NWIP 11-21, is very wide- 
ly used but is frequently modified on 
the basis of the private guesses of indi- 
vidual planners. For certain purposes, 
Crnc.antT uses the Three Factor Meth- 
od and Tables and is collaborating in 
their improvement. Crnpac seems to be 
depending primarily on Line ITEM 
PLANNING. 


3. Each command must always 
maintain a systematized group of 


special data and planning factors 
which are peculiar to its own situa- 
tion and the commander himself 
should be generally familiar with 
these. This becomes particularly im- 
portant in the preparation and review 
of requirements in the chain of com- 
mand. 


4. It is important to distinguish be- 
tween the method or system of using 
planning factors and the actual num- 
bers which may be used with the sys- 
tem in making a specific plan. A good 
system or technique will be useful 
with an ever changing set of numbers. 


The numbers themselves must be 
subject to continual review and im- 
provement in accordance with the 
best experience data. 


The planner must know the basic 
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conditions that the numbers in the 
factors reflect. 


6. There never will be a system of 
planning and factors so perfect that 
combat commanders will have pre- 
cisely what they need, no more or no 
less. There will always be excesses 
and deficiencies. 


We can hope to: 


A. Reduce the excesses so as to 
avoid sinful waste and to avoid reduc- 
ing mobility and flexibility by over- 
burdening ships and troops with use- 
less supplies and equipment. 


B. Reduce deficiencies to the point 
that they can be endured by resource- 
ful personnel without reducing sus- 
tained fighting power. 


C. To accomplisch these there must 
be: 


Leadership. 
Organization. 
Sound Planning 


Supply Discipline—That is: “Con- 
trolled Usage” and “Cost Con- 
sciousness.” 


The Ability to Improvise 
6. Logistics planning is a series of 


approximations, compromises, and re- 
finements, the nature of which will 
vary in accordance with the Type of 
Planning, The Level of Planning, The 
Range and Timing of Planning and the 
Nature of the Combat Situation. 


There is no likelihood that anyone 
will evolve a single system or method 
of planning, or a single system of 
planning factors, that will suit every 
situation. A method of planning which 
may be suitable for one problem and 
set of circumstances may be quite un- 
suitable for other problems and cir- 
cumstances. 


7. If we can perfect our logistic 


planning systems and factors we can 
make specific improvements which 
will have accumulative effect in re- 
ducing the Logistic Snowball. 


We can improve strategic and tac- 
tical plans. 


We can save planning time. 
We can reduce staffs. 

We can gain in flexibility. 
We can gain in mobility. 
We can cut down waste. 


We can improve our fighting power. 


8. If we are to make these gains, 
there must be understanding and co- 
operation on the part of Ship and Type 
Commanders in the gathering and 
analysis of usage data and in the im- 
provement of planning methods and 
planning factors. 


9. Finally, A good logistics plan- 
ner is not wedded to any particular 
planning system or planning factors. 
He uses methods and factors in the 
same way that any craftsman uses his 
tools and his materials. That is to say, 
he understands their capabilities and 
he selects them and uses them in the 
manner in which his professional 
judgment tells him is most appro- 
priate to the task at hand. Our prob- 
lem is to learn more about planning 
methods and planning factors in or- 
der that the planners of tomorrow 
will have better tools. There is no 
perfect way of fighting a war. Vic- 
tory comes, not to him who makes no 
mistakes, but to him who makes the 
fewest big mistakes. It will only be 
through study of, and reflection upon, 
the problems of war in all its 
of “Command,” “Strategy,” “Logis- 
tics,” and “Tactics” that we will be 
able to follow the precept of John 
Paul Jones “. . . To do the best we 
can with what we have at hand.” 
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WHAT PATENTS ARE AND WHY WE HAVE THEM 


The men who wrote our Constitu- 
tion and our laws thought it was im- 
portant to have improvements made 
in the things we use for our daily liv- 
ing and in our ways of doing things— 
what they called “the useful arts.” 
And, so believing, they did something 
about it. 


What they did was based upon the 


idea that the way to get the useful 
arts improved is to offer a fair in- 
ducement to those able and willing 
to make and disclose the improve- 
ments. That still sounds like pretty 
good horse-sense. The inducement of- 
fered is what we call a patent—a docu- 
ment by which the government grants 
to the patentee the right to exclude 
all others for the next 17 years from 
racticing the invention which has 
n disclosed and claimed. A copy 
of the disclosure of the invention is 
attached to the grant. 


It is not surprising that our fore- 
fathers thought that the useful arts 
needed encouraging. Men had not 
been doing so badly in such things as 
architecture, music, painting, sculp- 
ture, literature, etc., but in all history 
they had done very little for the use- 
ful arts and even some of the things 
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that had been discovered had become 
lost arts for want of disclosure and 
permanent records. The thing we call 
the “standard of living” was low and 
all but stationary. What we have to- 
day is the result of a tremendous spurt 
in improvements in the useful arts 
since about 1790— some big ones and 
thousands upon thousands of small 
ones. Over 2% million patents on in- 
ventions have been issued in this 
country since that date. While our 
physical standard of living cannot rate 
in importance with our moral stand- 
ards and spiritual standards, most of 
us would probably agree that our 
physical living standard of today is 
worth having—and worth improving. 


The arrangement under which a 
patent is issued in this country has 
been called a contract, and correctly 
so. A contract results from an offer 
and an acceptance. Here we have a 
standing offer (stated in the patent 
law) to grant a patent to anyone who 
first makes and discloses an invention. 
The offer is accepted by the inventor 
when he applies for the patent and 
makes the disclosure. 


Thus it is clear that the patent is a 
payment by the Government for the 
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public service rendered by. the inven- 
tor in making and disclosing the in- 
vention. It is to be noted, however, 
that this “payment” is of a unique 
kind. It has no monetary value except 
what the inventor (or his representa- 
tive) can put into it by commercializ- 
ing the invention before the patent 
runs out. This value may be great or 
small, or, as often happens, nothing 
at all, depending in each case on the 
merit of the invention and the skill 
and energy used in promoting it. 


In actual practice, the patent turns 
out to have some other remarkable 
and valuable effects, as we shall see 
presently, but the point here is that 
it is a payment for the making and 
disclosing of an improvement in the 
useful arts and so is the property of 
the patentee and is intended to be 
used for his benefit just the same as 
if the payment were in money. 


The Way the Law Puts It 


Among the relatively few powers 
delegated to Congress by the Consti- 
tution was the one authorizing copy- 
rights and patents. It reads: 


Congress shall have power...To 
promote the Progress of Science and 
useful Arts, by securing for limited 
Times to Authors and Inventors the ex- 
clusive Right to their respective Writings 
and Discoveries 


(The words applicable to. patents are 
here italicized.) 


One of the first acts of the first Con- 
gress under the new Constitution was 
to pass a law exercising this power 
by providing for the grant of patents 


THE MAGIC OF THE 


It is surprising, in a way, that the 
authors of the Constitution should 
have specified an “exclusive right” as 
a payment to encourage invention. 
They were monopoly haters, having 
lately suffered under monopolies 


to the inventors of new things. Details 
of the patent laws have been changed 
from time to time, but they have never 
been repealed and they have never 
offered to inventors anything but an 
unencumbered “exclusive right” for a 
term of years. The wording of the 
latest revision of the law is: 


Whoever invents or discovers any new 
and useful process, machine, manufacture, 
or composition of matter, or any new and 
useful improvement thereof, may obtain 
a patent therefor, ... 


Every patent shall contain . . . a grant 
to the patentee, his heirs or assigns, for 
the term of seventeen years, of the right 
to exclude others from making, using, 
or selling the invention throughout the 
United States... 


Other clauses of the law provide for 
the granting of patents on ornamental 
designs for articles of manufacture, 
and on new and distinct varieties in 
plant life. 


It will be noted that the Consti- 
tution leaves it to Congress (a) 
whether to provide for patents at all, 
(b) if so, to name the classes of things 
which can be patented (within the 
useful arts) and, (c) to fix the amount 
of the offered reward by naming the 
length of the “limited times.” 


The character of the reward, how- 
ever, is not left to Congress. The 
Constitution fixes that by providing 
that it shall be a period of “exclusive 
right” to the new discovery itself. 
Should Congress undertake to pro- 
mote the useful arts by some other 
type of payment, it could find no con- 
stitutional authority for its act. 


“EXCLUSIVE RIGHT” 


granted by the British Crown for 
various common articles of commerce. 
Why did they not offer money awards, 
or land or honors to inventors, in- 
stead of a period of exclusive right to 
their respective inventions? 
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Experience has shown so many ad- 
vantages in granting the period of ex- 
clusive right, as compared with a mon- 
etary award, for instance, that one 
wonders whether our ancestors could 
have foreseen them all. 


First, it automatically matches the 
size of the reward to the size of the 
inventor’s contribution to the public 
good, as nearly as this is humanly pos- 
sible. If the invention is of great value, 
the public will be ready to pay the in- 
ventor well for the use of the inven- 
tion, during the term of the patent. If 
it is of but small value to the public, 
the inventor can collect only a small 
amount from its use or sale. 


Second, it requires no draft on the 
taxpayers’ money to provide the re- 
ward. In fact, even the administrative 
costs have in general been covered by 
fees charged the inventor. 


Third, it is an incomparably greater 
incentive than any feasible cash pay- 
ment or like award could be, for the 
simple reason that nearly every in- 
ventor rates his own invention as very 
wonderful and highly important. It is 
his own creation. The prospect of an 
exclusive control of his own invention 
for a period of years makes him feel 
rich. 


Fourth, the exclusive right serves to 
get onto the market new inventions 
which otherwise would be left to die. 
Putting a new thing onto the market 
usually requires a lot of experiment- 
ing, engineering, designing, trials and 
redesioning to get it into a shape ac- 
ceptable to buyers and economical to 
make; and often a lot of sales promo- 
tion. It is what Charles Kettering 
called the “shirt-losing stage” because 
it costs so much while no returns are 
coming in. No one is likely to go to this 
trouble and expense and take the 
chances involved unless he has assur- 
ance that others cannot copy his prod- 
uct when it is finally in shape, and so, 


with no preliminary expense, under- 
-“Il him in the market. The exclusive 
right of the patent gives that as- 
surance. A cash award to the inventor 
would not. 


Fifth, contradictory as it may seem, 
the patentee’s exclusive right induces 
the most beneficial kind of competition 
we can have; namely, competition in 
making improvements in the useful 
arts. If there were no exclusive right 
each business rival would straightway 
copy any improvement made by any 
one of the others, so that shortly none 
of them would go to the trouble and 
expense of making improvements at 
all. With the exclusive right, when one 
rival improves his product by an in- 
vention, each of the others, knowing 
he cannot copy that improvement, 
must hustle around to find some other 
improvement as good or better so that 
he can stay in business. That is the 
kind of competition that has put us 
ahead of the world in the useful arts. 


Sixth, quite aside from competition, 
the patent right is a strong spur to 
business enterprise because the only 
way a patentee can collect the reward 
for the patented: contribution to the 
useful arts is to make and sell the im- 
provement (or the product of the im- 
provement, if it is a process) while 
his exclusive right lasts. A monetary 
payment to the inventor could not thus 
stimulate business enterprise. 


Not only would a system of money 
rewards for inventors lack all of the 
advantages just named, but it would 
be impossible to administer fairly or 
effectively. Who could know at the 
time the invention was disclosed what 
its value to the public would prove to 
be? Even in the few cases where an 
estimate might be made of prospective 
savings per year due to an improve- 
ment, no one could know how many 
months or years it might be before 
some other invention would make ob- 
solete the one whose value we are 
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trying to appraise. To wait until after 
the public’s use of the improvement 
had ceased would not help much be- 
cause we would still be left with an 
intricate and costly accounting job, of- 
ten impossible to do at all. Also it 
would fail because the prospect of such 
a deferred and uncertain reward 
would be little or no incentive to in- 
vent. The cost of trying fairly to ad- 
minister a pecuniary award system 
would be so great that it would be 


likely to exceed the cost of the awards 
themselves. 


Consideration of alternatives to the 
exclusive right only serves to point up 
the virtues of the patent system as we 
have it. Dr. Karl T. Compton said of 
our patent system: 

“The patent system itself is funda- 
mentally one of the greatest social in- 
ventions which has been made for the 
benefit of the human race.” 


WHAT IS REQUISITE TO THE GRANTING OF A PATENT 
AND WHAT IS IT LIKE? 


First, of course, there must be an 
invention if one is to get a patent, and 
that means an idea of the complete 
operative mechanism or procedure for 
accomplishing the desired result; not 
just a general idea that such and such 
a thing would be a good thing to do or 
even a suggestion of the general way 
in which it might be done. 


But, assuming an invention, the 
prime requisite for obtaining a patent 
upon it is a disclosure of it in perma- 
nent written form, usually with draw- 
ings. As already indicated, this disclos- 
ure is what the public acquires in ex- 
change for the granting of the patent. 
This disclosure must be clear and full 
enough to enable anyone who is fa- 
miliar with that type of thing to make 
or practice the invention after the pat- 
ent expires. And it must draw the line 
definitely between the invention and 
what was old, so that the public can 
see clearly just what the patent ex- 
cludes them from doing while it re- 
mains in force. 


The disclosure is made by filing 
with the Commissioner of Patents in 
Washington an application for patent 
containing a specification describing 
the invention; and the line between 
what is old and what is new is drawn, 
partly by general statements in the 
specification, but particularly by one 


or more “claims” appended to the 
specification and which define the in- 
vention with great exactness. 


It is also necessary for the appli- 
cant to make oath that he believes 
himself to be the original and first in- 
ventor of the thing claimed, and to pay 
a Government filing fee of $30.00 
(plus $1.00 for each claim over 20) and 
another like Government fee if and 
when the patent is granted. 


The Patent Office examines the ap- 
plication to see whether the disclos- 
ure is sufficient and whether the thing 
claimed is so different from what was 
already known that invention, rather 
than the mere skill of an artisan, was 
required to produce it. 


The Patent Office must also deter- 
mine whether the invention falls with- 
in one of the classes as to which Con- 
gress has authorized the granting of 
patents. Some things, as, for example, 
a way of doing business or a plan of 
travel, or a form of Government can- 
not be patented because Congress has 
not authorized patents on such things, 
even assuming them to be among the 
“useful arts.” Foods and medicines 
falling within the class of “composi- 
tions of matter” may be patented in 
this country, though they may not be, 
as such, in many foreign countries. 
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The recent Atomic Energy Law with- 
drew from patent protection certain 
inventions relating to that subject. 


Applications for patent must be 
made in the name of the actual in- 
ventor or inventors. A patent cannot 
be granted to a corporation or com- 
pany except as the assignee of a 
named inventor. 


Patents run for 17 years from the 
date of the grant and (save for exten- 
sions to veterans) cannot be renewed 
or extended except by special act of 
Congress— which rarely happens. 
Originally, the patent term was 14 
years—adopted from the British prac- 
tice of the time—but after consider- 
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able experience the term was extended 
in 1861 to 17 years. This is reputed to 
be a compromise between the original 
14 years and a 20 year term advocated 
by some. 


As soon as the patent is issued, 
printed copies of the disclosure—the 
specification, claims and drawings— 
may be purchased from the Patent 
Office by anyone at 25c a copy. 


If, during the life of the patent, any- 
one makes, uses or sells the patented 
invention without permission of the 
patentee, the infringer is subject to suit 
in a Federal court for an injunction 
to stop such infringement and for 
damages to the patentee caused by it. 


IS THE AMERICAN SYSTEM OF PATENTS ANTIQUATED? 


The basic principles of our patent 
laws have remained unaltered for 160 
years. In that time the whole character 
of American industry has changed. We 
now have big corporations, huge and 
intricate machines, assembly line pro- 
duction, and inventions of types not 
dreamed of in colonial days. Thefore, 
some have suggested the old patent 
system cannot possibly fit modern 
conditions and should be thrown out 
or basically altered. 


This sounds plausible enough at first 
blush but a little reflection shows that 
there is no truth in it. It is very much 
like saying that the use of money is 
obsolete by reason of these same 
changes in industry and so should be 
wiped out. As we have seen, a patent 
is merely a medium of exchange—a 
payment for services rendered in mak- 
ing and disclosing the invention, and 
so an inducement to more services. 
The patent law then is no more out- 
of-date than it is out-of-date to pay 
the employees of these big corpora- 
tions and the men who plan the intri- 
cate machines and the men on the as- 
sembly lines. 
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The patent law has no relation what- 
ever to the size of corporations or to 
the intricacy of machines or to the 
forms of business enterprise. It is re- 
lated only to human nature—man’s 
fondness for being paid for his work 
and his urge to improve his condition— 
characteristics which haven’t changed 
much since 1790. The patent law is a 
plan for harnessing the horsepower of 
man’s self-interest to the cart of pub- 
lic benefit. Perhaps the time will come 
when men will be able and willing to 
spend their time and effort in improv- 
ing the useful arts for the benefit of 
the public unselfishly and without 
pay, but until that time comes we had 
better hold on to our patent system. 


A corporation can do nothing with 
patents that an individual cannot do. 
The patent right is only the right to 
exclude others for 17 years from prac- 
ticing the particular invention covered 
by the patent. From the public’s point 
of view, it is immaterial whether the 
excluding is done by an individual or 
by a corporation. In either case the 
public gets full use of the invention 
without further payment at the end of 
the patent term, so the public’s con- 
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tract with the patentee is fully carried 
out. 


Of course, while the patent lives it 
may be the subject of dealings which 
—as dealings—may be in conformity 
with or in violation of the general law. 
A patent is a piece of property (as the 
Supreme Court has repeatedly and 
uniformly held, and as expressly de- 
clared in the new codification of the 
patent law). Also it is assignable (as 
expressly provided by law—and if it 
were not, it would lose much of its 
value as an incentive because few in- 
ventors are equipped to promote in- 
ventions commercially themselves). 
As assignable property, then, patents 
may, of course, be accumulated or 
used in ways which violate law, just 
as money or other property may. The 
cure for such abuse, whether by a 
corporation or an individual, is en- 
forcement of the law violated, not de- 
struction of the property misused, or 
denial of the right to hold such prop- 
erty. 


The relation of patents to the anti- 
trust laws is covered in a later sec- 
tion. The point here is that there is 
nothing in the existence of large cor- 
porations or “big business” which 
makes obsolete or impairs the useful- 
ness of the patents as we have them. 
On the contrary, the advent of the 
modern corporation with its research 
laboratory has given the patent law 
a range for its beneficial operation be- 
yond the fondest dreams of a hundred 


years ago. 


The purpose of the American sys- 
tem is to get improvements made and 
disclosed—as many as possible, and as 
soon as possible. The patent law is not 


concerned with how they are made or 
who makes them—or who owns the 
patents. When corporations hire able 
men to make the inventions and fur- 
nish them with modern and costly lab- 
oratory equipment to help them do it, 
the companies are acting entirely 
within the spirit, the letter, and the 
purpose of the patent laws, and are 
doing it in a way for which America 
has reason to be thankful. In no other 
way could we have had most of the 
really great advances in the useful 
arts that have come in the last fifty 
years. 


Except in a few rare instances, it is 
not a big corporation’s patents that 
keep others from entering into com- 
petition with it. It is the corporation’s 
energy, enterprise, public good will 
and momentum that makes a new 
competitor’s start hard—when it is 
hard. So far as patents are concerned, 
anyone today is free to make, use and 
sell the same shoe-machinery, elec- 
trical appliances, or telephones that 
we had 17 years ago, for the patents on 
them have run out; and we all thought 
we had pretty good equipment in those 
fields in 1936. So far as patents are con- 
cerned, a newcomer able and willing to 
make and patent better improvements 
on the old things than those made by 
the people already in the business, 
could quickly take the business away 
from the old concern. If a new would- 
be competitor is not able to do that, 
or is not willing to spend the money 
and effort necessary to do it, there is 
surely no reason why he should re- 
ceive gratis the right to use the im- 
provements made by the company in 
the business which has spent its money 
and effort to make them available. 


ARE PATENTS A NEEDED INDUCEMENT? 


We are sometimes told that patents 
aren’t really much of an inducement 
anway—that inventing is mostly auto- 
matic and inevitable and that war or 


other necessities supply what induce- 
ment is needed. Of course, there is no 
way to prove such a statement. The 
most that can be done is to show that 
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a particular invention here or there 
came without benefit of patents, but 
such inventing, through centuries of 
recorded history did little for the use- 
ful arts and left the standards of liv- 
ing scraping bottom. What we are in- 
terested in is the reason for the flood 
tide of inventions that we have had in 
the last hundred and sixty years or so, 
and which really have done something 
for man’s standard of living. As to this 
the evidence is all against the sugges- 
tion that inventions will come as well 
without patents. 


It is no accident that all of the coun- 
tries with advanced technologies have 
patent systems. And it is particularly 
significant that the country which far 
outstrips them all—the United States 
—has the best patent system. 


The test of the quality and sufficien- 
cy of a patent system is its effective- 
ness in getting inventions made and 
disclosed and onto the market, and by 
this test we lead the world. Our patent 
law is the best because it offers not 
only the right kind of inducement but 
enough of it. In this country the in- 
ventor gets the complete unencum- 
bered right to exclude others for 17 
years; no “ifs” no “buts” and no pe- 
riodic renewal tax to keep it alive. In 
all of the leading foreign countries the 
continuance of the right to exclude is 
conditioned upon specified conduct by 
the patentee and is dependent upon 
the payment of annual renewal taxes, 
usually increasing as the years go by. 
So we offer a better price than the 
others. What is the result? 


In testifying before the Temporary 


Nationa’ Economic Committee in 1939, 
Patent Commissioner Conway P. Coe 
gave comparative figures for the pat- 
ents issued by the leading countries of 
the world during the period 1930 to 
1937 and showing the percentage of 
these issued to the citizens of the re- 
spective countries. (TNEC Exhibit 
No, 213) By relating the figures to 
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the populations of the several coun- 
tries we have an indication of the de- 
gree of stimulation which the patent 
law of each country has upon its own 
citizens. It thus appears that in the six 
countries issuing the most patents the 
annual average per capita patenting of 
inventions in home countries was ap- 
proximately as follows: 


In United States, one patent for each 
2,900 citizens. 

In Germany, one patent for each 
5,200 citizens. 


In France, one patent for each 
4,200 citizens. 

In Britain, one patent for each 
5,000 citizens. 

In Italy, one patent for each 
11,300 citizens. 

In Canada, one patent for each 


12,200 citizens. 


The yearly average for the five for- 
eign countries is one patent for each 
7,580 citizens so that our patenting 
rate—per capita—is more than 2% 
times as great as it is for the others. 


Could it be that offering a fair price 
for the goods has something to do 
with their production and delivery? 
Could it be that patents are indeed an 
effective stimulus to the improvement 
of the useful arts? Both theory and ex- 
perience indicate that they are, and 
from the first that has been the con- 
clusion of those best qualified to judge 
the efficacy of our patent system. 
Thomas Jefferson said: 


“The issue of patents for new dis- 
coveries has given a spring to inven- 
tion beyond my conception.” 


Mr. Bally, visiting this country from 
Switzerland in 1876, said in an address 
to his fellow countrymen on his re- 
turn: 


“I am satisfied from my knowledge 
that no people has ever made, in so 
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short a time, so many useful inven- 
tions as the American.” 


Abraham Lincoln said: 


“The patent system added the fuel 
of interest to the fire of genius.” 


The writer of a New York times ed- 
itorial (May 8, 1908) said: 


“Yankee ingenuity became a by- 
word the world over because of pat- 
ent laws of unprecedented liberality.” 


F. D. Roosevelt said of our patent 
system that it 


. . has promoted countless appli- 
cations of the arts and sciences to the 
needs and well being of our people.” 


The National Patent Planning Com- 
mission appointed by the President to 
make an intensive study of our patent 
system said in its report of June 1943: 


“The system has accomplished all 
that the framers of the Constitution 
intended ...it has... encouraged and 
rewarded inventiveness and creative- 
ness, producing new products and 
processes which have placed the 
United States far ahead of other coun- 
tries in the field of scientific and 
technological endeavor.” 


It is apparently clear to about ev- 
erybody except a few critics that pat- 
ents as we have them in this country 
are a great and valuable incentive to 
the advancement of the useful arts. 


MUST THE ISSUED PATENT BE USED FOR PUBLIC BENEFIT? 


The single purpose of the Constitu- 
tional provision for patents is, of 
course, to promote the progress of the 
useful arts. Any benefits to patentees 
is wholly incidental. Now and then 
someone will tell us that it follows 
from this that patentees, unlike the 
owners of other property, are bound, 
under the Constitution, to use their 
patents in a way that will promote the 
useful arts. 


This impression is the result of care- 
less reading of the Constitution. The 
Constitution does not say that patent 
holders are to promote the useful arts. 
It expressly says that Congress is to 
do the promoting. And it tells exactly 
how Congress is to do it; namely, by 
granting patents to inventors. Thus, 
it is the granting of patents for inven- 
tions that does the promoting sought 
by the Constitution, not something the 
patentees are required to do with their 
patents after they get them. 


The authors of the Constitution no 
doubt expected that most worthwhile 
inventions would become available for 
public use during the term of the pat- 


ent, and that is usually what happens 
because the only way the patentee can 
get anything out of his patent is by 
practicing the invention (or selling 
someone else the right to do so) while 
the patent lasts. That, however, is no 
part of the contract between the pub- 
lic and the patentee. 


We have already seen that a patent 
is mere.y a payment for services ren- 
dered to the public, and once granted 
it is, of course, intended to be used 
for the patentee’s own benefit just as 
much as if it were a hundred dollar 
bill. The public got all it asked for 
when it received the full disclosure of 
the invention with the right of free use 
after 17 years. In exchange the patent 
is given for the very purpose of en- 
abling the patentee to make a profit 
for himself, if he can, during the time 
the patent lasts. 

There is nothing in the Constitution 
nor in the statutes that puts any lim- 
itation upon the way the patent shall 
be used except such provisions as ap- 
ply generally to the use of all kinds of 
property. 
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DO THE PATENT LAWS AND THE ANTITRUST LAWS CONFLICT? 


Section 2 of the Antitrust Law of 
1890—the Sherman Act—makes it un- 
lawful for anyone to 


“monopolize, or attempt to monopolize 

. . any part of the trade or com- 
merce among the several Statics, or 
with foreign nations.” 


Under the patent laws a patentee 
can, of course, and frequently does 
“monopolize” the entire trade in the 
particular thing covered by the pat- 


ent. 


An easy first impression is that the 
two laws must be in conflict, and it is 
quite commonly thought to be so. In- 
deed for more than a decade in the 
not too distant past, officials charged 
with enforcing the anti-trust laws and 
some with collectivist leanings did 
much to further the idea that such 
conflict does exist, and they have 
urged that, in the area of conflict, the 
patent law must give way because the 
anti-trust law is the “latest” expres- 
sion of the public policy of the nation 
in regard to all monopoly. Since Con- 
gress has just re-enacted the patent 
law in strengthened form, it is now 
the latest expression of public policy 
and, on the same reasoning, the anti- 
trust law would not have to give way 
to the patent law. 


However, the simple fact is that, 
properly understood, the two laws do 
not conflict at all. The trouble arises 
from vagueness in the anti-trust law. 


The language of the patent law can 
be taken to mean just what it says. 
Not so the anti-trust law. 


There is vagueness in the very na- 
ture of the thing the anti-trust law 
seeks to attain, as we shall point out 
in a moment. But aside from that it 
is obvious that even the word “mo- 
nopolize” in the Sherman law cannot 
be taken in its broadest dictionary 
sense because to do so makes the law 


ridiculous at once. One of the mean- 
ings of “monopolize” is: 


“To obtain or assume exclusive pos- 
session or control of.” (Standard 
Dict.) 


A horse breeder, of course, has ex- 
clusive control and so “monopolizes” 
all that “part of the trade” in horses 
which involves the sale or use of his 
horses. The same is true of the wheat 
grower with respect to the wheat he 
raises, and of the furniture manufac- 
turer as to the furniture he produces. 
All of these people, therefore, and 
thousands of others, violate the Sher- 
man law if it is to be read literally 
and without qualification. The courts 
do not so read it; and no one thinks 
for a minute of bringing suit against 
such “monopolizing” as we have just 
referred to. 


The patentee of an invention is pre- 
cisely on a par with the horse breed- 
er. The patentee has exclusive control 
of the particular new invention cov- 
ered by the patent—which, incident- 
ally, like the horses bred on the stock 
farm, is something that did not exist 
before. There is no more reason for 
trying to stretch the Sherman law to 
cover the monopoly of a patentee than 
for trying to apply it to the horse 
breeder. Indeed, there is even less 
sense in it, for the patentee, in exclud- 
ing others, has an express authority is- 
sued by the Government itself—name- 
ly the patent. It is not to be assumed 
that the Government issues an au- 
thority with one hand and at the same 
time with the other hand makes the 
exercise of that authority unlawful. 


What the anti-trust laws seek to 
prevent is conduct by businessmen— 
and particularly, conspiracy between 
them—which has the effect of stopping 
or throttling competition in articles of 
commerce which would otherwise ex- 


ist. This is discernible from the com- 
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plete wording of the Sherman Act* 
and the Court decisions construing it. 
The law is entitled “An Act to pro- 
tect trade and commerce against un- 
lawful restraints and monopolies.” 
(Emphasis supplied.) 


As already indicated, even this ob- 
jective of preventing conspiracy and 
other acts which destroy normal com- 
petition is not clearly defined. In ap- 
plying the law to actual cases the 
courts early found it necessary to 
point out that the law could not be 
taken literally to apply to every con- 
ceivable restraint of trade because ev- 
ery business enterprise necessarily 
constitutes some restraint on the trade 
of its competitiors. So the Supreme 
Court read the word “unreasonable” 
into the law by saying that it con- 
demned only unreasonable restraints 
of trade. (American Tobacco case, 221 
US., 105, 1911.) As thus construed, the 
law still leaves the businessman in a 
very uncertain position and wholly at 
the mercy of the court. What, with 
the best of intent, he thinks is reason- 
able the court may say is unreason- 
able. 


Such being the nature of the anti- 
trust law, the wonder is that it has 
worked as well as it has; and it was 
made to work fairly equitably until 
the late thirties and early forties, 
when there came a flood of suits based 
upon the vague law, and in which the 
directors and officers of many of the 
defendants, under threat of the crim- 
inal penalties of that law, were ma- 
neuvered into accepting “consent” 
decrees with harsh terms, which com- 
monly included provisions effectively 
nullifying the patents of the company 
subjected to the treatment. 


There is almost no course of action 
open to a fair sized and thriving busi- 
ness which can avoid an attack of this 
kind under the vague language of the 
law applied by an administrator who 


*Title 15, U.S. Code S 1-7. 


enjoys “big game” hunting for its own 
sake. If a company charges high prices 
and gets them, competitors will follow 
suit and it can be accused of combin- 
ing with competitors “to monopolize” 
the market and mulct the public; if it 
reduces prices it can be accused of 
underselling the little fellow to drive 
him out of business, and so “attempt- 
ing to monopolize” the market. 


To “compete” in a commercial sense 
is, by definition, to vie with others to 
obtain the business patronage in some 
field by offering more in quality, terms 
or service. We all believe that such 
competition is a good, indeed, a neces- 
sary, thing in our economy. But we 
might as well realize that it is also a 
rugged thing. If we have real competi- 
tion, the efficient and energetic will 
inevitably get the business and the 
bunglers or indolent will lose it. The 
only alternative is regimentation, 
governmental or private. We who be- 
lieve in competition, then, must accept 
the necessary result—that some will 
lose, fail, be squeezed out. And we 
must not allow our laws, intended to 
encourage competition, to be so ap- 
plied as to penalize a competitor the 
minute he fairly succeeds in the com- 
petition. The administrators of a law 
as vague and capable of abuse as the 
Sherman Act would do well to pro- 
ceed with caution and deference and 
wholly without arrogance. The Sher- 
man Law was not intended as an in- 
strument for persecuting every suc- 
cessful business and it certainly was 
not intended as a tool for nullifying 
patents. 


While it is clear, then, that there is 
no conflict between the patent law and 
the antitrust law, this, of course, is not 
to say that patents have not been in- 
volved in violations of the anti-trust 
laws. It is obvious that a patent, like 
any other piece of property, may be 
used as a bargaining chip in a com- 
bination or an agreement which vio- 
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lates the anti-trust law because it un- 
reasonably restrains trade. And this 
has happened— just as dollars and fac- 
tories and a hundred others things 
have been so misused. It is, of course, 
the duty of the proper officials to stop 
such misuse. The evil in these cases, 
however, is in the conduct or the 
combination— not in the patent or the 
dollars or the factory—and the rem- 
edy is not to destroy the patent or the 
dollars or the factory, but to terminate 
the conduct, the agreement or the 
combination. 


The aggregation of many properties 
in the hands of a single concern may 
or may not be the result of a com- 
bination in restraint of trade and this 
is as true of patent property as of 
any other. If there are only four 
known ways of making a commercial 
product and each one is covered by a 
patent held by one of four competing 


manufacturers of the product, the man 
who buys up all four patents to end 
the competition among the four busi- 
nesses is almost certainly violating the 
anti-trust law. But a company may 
own thousands of patents without vio- 
lating any law if the patents are the 
result of its own research work con- 
ducted in the course of an otherwise 
lawful business. Until the patents ex- 
pire, there is no right to compete in 
practicing the new and patented in- 
ventions of anyone, lawfully acquired 
and used, no matter how many. All 
others are free to make their own im- 
provements in the same art and any- 
one can take the business for himself 
by patenting the better improvements 
if he is able to devise them. All of the 
patents expire and the improvements 
become open to the public as their re- 
spective 17-year terms end, just as it 
was planned they should by the au- 
thors of the Constitution. 


AS TO LICENSES UNDER PATENTS 


A license under a patent is a per- 
mission from the patent owner to prac- 
tice the invention of the patent—com- 
monly granted in exchange for a roy- 
alty payment in some form. It is a par- 
tial surrender of the right to exclude 
others granted by the patent. This 
right of surrender is inherent in the 
property of the patent as in other 
property. 

A license may be without any lim- 
itation at all; or it may be limited in 
a great variety of ways. Thus, one may 
grant a license to make and sell only 
1,000 of a patented article, or to prac- 
tice the invention only in the state of 
Connecticut, or to use the invention 
only in the manufacture of furniture, 
or to use only two of the patented ma- 
chines and only in Haverhill, etc. 


Such limitations have been put into 
patent licenses from the very earliest 
times. The law reports show adjudica- 


tions of limited licenses going back for 
at least 100 years. And such limita- 
tions were upheld by the courts. 


There have in the past been those 
who opposed all limited licenses. The 
reasoning went something like this: 
The patent law makes no mention of 
licenses (which is true). Therefore, a 
license agreement is to be judged un- 
der the general law. If a licensee’s ac- 
tivities in trade are restricted, then, 
the license agreement is one in re- 
straint of trade and is condemned by 
the Sherman law. 


The error of this theory springs from 
a failure to understand what a patent 
is, and can be exposed most easily by 
looking at a concrete example of a 
limited license. Mr. Baker, let us sup- 
pose, is in the baking business. He 
invents and patents a mixing device 
which speeds up his operations and 
improves his product. Mr. Waters 
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makes washing machines. He finds he 
can use Mr. Baker’s patented mixer 
to advantage in his machines and asks 
for a license to do so. That suits Mr. 
Baker alright, so he gives Waters a 
license “to make, use and sell the 
mixer throughout the United States 
in and for washing machines. No other 
license is granted.” And Waters agrees 
to pay Baker “a one dollar royalty on 
each mixer he makes or sells.” 


Under that arrangement, it is plain 
enough that Mr. Waters cannot use 
Mr. Baker’s invention in conducting 
a baking business and our anti-trust 
friends will say that these men have 
made a “restrictive” agreement in re- 
straint of trade and in violation of law, 
and they will weep for the poor peo- 
ple who cannot get bread. 


The rather obvious truth about the 
license, however, is that it lays no re- 
strictions whatever upon Waters. On 
the contrary, the license has removed 
a restriction on Water’s activities 
which existed before the license. Be- 
fore, he could not use Baker’s inven- 
tion for any purpose. After, he could 
use the invention in washers. Note 
that Waters has not agreed to stay 
out of the baking business or any other 
business nor has he been asked to. 
The license says nothing about it. The 
thing that keeps Waters from using 
Baker’s invention in the baking busi- 
ness is the patent issued by the Gov- 
ernment itself. Before the license it 
was the patent which prevented this. 
After the license it is still the patent. 
Baker has simply not removed the bar 
of the patent so far as the baking busi- 
ness is concerned. 


And the license as above described 
is solely a removal of a restriction. 
Every patent license is, by its nature, 
a removal of a previously existing re- 
striction. It is also true nevertheless 
that business agreements containing 
licenses, whether limited or not, have 
also sometimes contained added pro- 


visions which were in violation of the 
law. For instance, if—in our example 
—Mr. Baker had required Mr. Waters 
to agree to stay out of the baking 
business, that provision would almost 
surely have been held to be a viola- 
tion of the anti-trust laws. If he had 
required Mr. Waters to pass some 
counterfeit money, there would be a 
violation of the criminal law, etc. Such 
unlawful provisions, however, have no 
essential relation to the patent license. 
The fact that they are sometimes in- 
cluded would be no reason for outlaw- 
ing licenses, whether broad or lim- 
ited. 

The legality of a patent license may 
be tested in this way: If, after the li- 
cense, the licensees’s actions are not 
limited in any way in which they were 
not limited before the license, then the 
license is lawful. If some new limita- 
tion is imposed, then the new limita- 
tion is not justified by the patent law 
and is to be judged by the general law 
applicable. 


Not only is a limited license—in and 
of itselfi—the freeing of a restriction 
on trade, rather than the imposing of a 
restriction, but it is an arrangement 
so beneficial to all concerned, includ- 
ing the public, that it is important 
there be no ban on such licenses. 


In our example above, Mr. Baker 


was benefited because his patent still 
helped him to compete in his baking 
business, and in addition, he got a roy- 
alty from it. Mr. Waters was benefited 
because his washing machines were 
better—or cheaper to make, perhaps. 
And the public was benefited because 
it got better—or cheaper—washing 
machines. 


If limited licenses were outlawed, 
Mr. Baker would not have granted 
any license at all, because if he did, 
it would have meant a license includ- 
ing use of his invention in the baking 
business. He would have been justified 
in saying, “If Mr. Waters wants to 
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compete with me in baking, let him 
think up his own improvements and 


spend his money to pertect and de- 
velop them.” 


WHY NOT “COMPULSORY LICENSING”? 


Compulsory licensing, as applied to 
patents, means that the patent owner 
must license others to practice the in- 
vention upon payment of royalties— 
the amount of royalty to be set by 
some designated officer, unless agreed 
upon. 


The suggestion that this be put into 
our patent laws has come oftener than 
any other proposal for emasculating 
them. 


The frequent recurrence of this pro- 
posal may probably be accounted for 
by two facts. First, there is the per- 
sistent myth that valuable patented 
inventions on needed things are sup- 
pressed for commercial reasons—the 
compulsory licensing being expected 
to correct this; and second, there is the 
fact that most foreign countries have 
such a provision in their laws—from 
which it is reasoned we should have 
it also. 


What has already been said under 
the heading of “The Magic of the Ex- 
clusive Right” shows why changing 
the right to exclude into a mere right 
to collect royalties would be destruct- 
ive of our wonderfully effective patent 
laws. That part of the comment com- 
paring the results in our country with 
the results in foreign countries which 
have compulsory licensing hardly sug- 
gests that we should copy them. 


As to the idea that patents are used 
to suppress inventions valuable to the 
public, there is simply no truth in it. 
Yet it is doubtful if gossip to this effect 
will ever cease. It makes such a good 
“conversation piece.” You cannot go 
around in public long until someone 
will ask you if you have heard about 
the patented carburetor that will en- 
able a car to go up to 100 miles on a 


gallon of gas and, with some show of 
virtue and disgust, he will confide to 
you that the patent was bought up by 
the oil companies and shelved to save 
the market for gasoline from ruin— 
and there is no question about it be- 
cause he got it straight from his sister- 
in-law who knows a man in one of the 
oil companies who actually saw one of 
the things! Or it may be a battery that 
will last 10 years, or a new treatment 
for leather that will make it last three 
times as long, etc. Such stories have 
been going around for more than half 
a century to the writer’s personal 
knowledge, and, not one of them has 
ever been proved. Indeed, time and 
circumstances often disprove them. 
A patent runs for but 17 years, and the 
carburetor story has been bandied 
about for at least twice that long. Also, 
it must be remembered that as to ev- 
ery patent issued the Government has 
by law the right to use the invention 
(subject to just compensation) so that 
if any of these miracle-invention pat- 
ents existed, we would soon know of 
it through use by the Government for 
war purposes or otherwise. 


Witnesses before Congressional 
committees and before the Temporary 
National Economic Committee have 
again and again been questioned about 
suppressed inventions and through it 
all no single authenticated case of 
suppression has ever come to light. 
Thomas Edison told the Oldfield Com- 
mittee in 1912 that he did not know 
of a single case. Before the TNEC, Mr. 
Baekeland, a prominent inventor and 
businessman was asked, “Do you know 
of any patent that is being sup- 
pressed?” and he answered, “No, I 
don’t,” and went on to relate that Mr. 
Parsons, Secretary of the American 
Chemical Society, circularized its 
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membership (running into the thou- 
sands) asking them to submit to him 
cases of suppressed patents, and that 
he didn’t get a single example. Before 
the same Committee, Mr. Carlton of 
the Automotive Parts Industry testi- 
fied that he knew of no case where a 
patented invention was suppressed to 
prevent its use, and was sure there 
was no such thing in his industry. 


It must be remembered that non- 
use of a patented invention is no evi- 
dence of suppression. Only a minority 
of the investments covered by patents 
are good enough to compete with oth- 
er known things and so get into use. 
Some become obsolete because of later 
improvements even before they can 
be put in production—which often 
takes 5 or 6 years and sometimes much 
longer. Some are ahead of their time 
and must await collateral develop- 
ments before they can be put to use. 


The compulsory licensing proposal 
is usually aimed at a supposed abuse 
by big corporations. Not only are the 
particular abuses aimed at non-exist- 
ent, but the big corporations could 
get along pretty well, relatively speak- 
ing, even under compulsory licensing. 
They are less dependent upon their 
patents than are the small companies. 
It is the individuals, the small compa- 
nies and the public who would suffer 
most. This was brought out strikingly 
by the hearings on the McFarland 
compulsory licensing bill in 1938. No 
representative of a big company ap- 
peared to testify either for or against 
the bill, but the representatives of 


scores of small businesses crowded in 
to protest. They testified that their pat- 
ents were all that enabled them to 
compete against the big fellows and 
many said flatly that they would fold 
up if the bill went through. The public 
would suffer not only because of the 
demise of small companies but because 
the American system of patents would 
then become little better than those 
of foreign countries. 


Besides all other objections, there is 
the constitutional difficulty. The Con- 
stitution gives Congress power to pro- 
mote the useful arts in only one way: 
namely, by securing to inventors the 
exclusive right to their respective in- 
ventions (supra p. 2). With compul- 
sory licensing the right to exclude dis- 
appears, and we find instead the right 
to levy a tribute on the business of 
other users of the inventions. There 
is no authority in the Constitution for 
that as a means of promoting the use- 
ful arts. 


Every time the compulsory licensing 
proposal has come before Congress, it 
has been rejected either in committee 
or on the floor. 


In 1935, the Science Advisory 
Board’s Committee made a study of 
the patent system for the Secretary 
of Commerce and recommended 
against putting a compulsory licensing 
provision into our law. 


On both reason and authority, then, 
we must conclude that the compulsory 
licensing idea is a thoroughly bad one. 


LET US GET THE MOST OUT OF OUR PATENT LAW 


We have had our patent law for so 
long and have enjoyed its remarkable 
results so consistently that we are apt 
to take it for granted—to assume that, 
unless the law is repealed, we are sure 
to continue to receive the same ben- 
efits as in the past. It is well therefore 


that we should take note of various 
things that might reduce or destroy 
these benefits. 


Government Ownership 


It is said that the Government now 
holds more patents than are held by 
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any other single owner. More are be- 
ing added to the Government list each 
year. There are some who say that the 
Government cannot, as a matter of law, 
own a patent. Without trying to de- 
cide that, we can at least say that, if 
this is indeed a government of the 
people, by the people, and for the peo- 
ple, the taking of a patent by govern- 
ment presents the curious spectacle of 
government granting to itself the 
right to exclude itself—the people— 
from using an invention. 


In actual practice the Government 
does not sue citizens for infringement 
of patents standing in its name. It 
makes a somewhat pathetic attempt 
to get citizens to take free licenses un- 
der the patents and those administer- 
ing the patents seem aggrieved that 
the citizenry shows little or no inter- 
est in the patents. 


To the extent that this block of 
Government-held patents covers any 
industry it reduces the urge to im- 
provement of that industry because 
the exclusive right has disappeared as 
to all the inventions of such patents. 
Also, for the same reason, the protec- 
tion needed for the pioneering of new 
things has disappeared as respects 
Government-held inventions. To that 
extent, then, the Government-held 
patents are a nullificationof the patent 
system, and if all patents were govern- 
ment owned, the incentives of the sys- 
tem and all its other advantages would 
be at an end. 


By ending its dealing in patents 
and by disposing of its present hold- 
ings for what they would bring on the 
market, the Government would do 
much “to promote the progress of the 
useful arts” and in doing so would 
save the taxpayer money. 


Administering the Patent System 


Our history shows pretty clearly 
that the kind of patent we give an in- 
ventor in this country provides just 
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about the right amount of incentive 
to promote the useful arts. But such a 
patent, however perfectly fitted to the 
purpose, would fail to attain its end 
if the delays and difficulties of getting 
the patent were increased to the point 
where invention was discouraged at 
the very threshold, or if the quality 
of the patent were reduced to the point 
where there was no real presumption 
of its validity, or if the cost, delay and 
uncertainties of enforcing the patent 
right were so great as to render the 
grant worthless. 


In short, however fundamentally 
sound our patent system may be, it is 
not self-operating. It takes a lot of 
machinery to put it into effect, and the 
benefits of the system could be lost 
through a breakdown in the machin- 
ery. It will pay us to take care of it. 


Some years ago an inventor, having 
filed his application for patent in the 
Patent Office, had to wait two years, 
more or less, to get a first action 
on it. This was partly due to the effect 
of the war. It is somewhat better now 
but the delay is still much too long. 
Such waiting is a heavy reduction in 
incentive. Patent Office actions should 
be available within a month or so at 
most. 


When the Patent Office examiners 
are behind with their work, they are 
constantly under pressure to get the 
cases acted upon. That is a poor at- 
mosphere in which to obtain good ex- 
aminations. The work is of a technical 
and quasi-judicial character. More 
thorough examinations and more ac- 
curate judgments on patentability 
would result if this rush-pressure 
were relieved. This would mean that 
the presumption of validity of the pat- 
ents issued would become stronger. We 
would have less intentional infringe- 
ment, fewer patent suits and fewer 
patents knocked out in court proceed- 


ings. 
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The trouble, of course, is that the 
Patent Office is understaffed. The cure 
is obvious—more men; and men of the 
highest grade. That is a tough pre- 
scription, of course, at a time when 
some real governmental economy has 
become imperative. But for many dec- 
ades the Patent Office more than paid 
its way through the fees collected 
from inventors; and in the earlier 
years of this century had a large bal- 
ance to its credit. In recent years the 
fees (though increased) have not 
wholly covered all costs. However, it 
should be noted that it is not only the 
inventor, but the public also that ben- 
efits from the patent system. The in- 
ventor should not be expected to bear 
the entire cost. If the public bore the 
entire cost (as with many Government 
bureaus) the public benefit would still 
amply justify it. 


Judicial Difficulties 


The cost and uncertainties of patent 
litigation can also reduce the incen- 
tive which our patent system holds 
out. 


All litigation, of course, has an ele- 
ment of uncertainty. It is the duty 
of courts to hold patents invalid if 
they prove to have been mistakenly 
issued, but patent litigation could be- 
come little more than a gamble against 
loaded dice if our courts were largely 
manned by judges whose economic 
philosophy was collectivist. Such phil- 
osophy, deploring as it does all private 
property, would not be likely to look 
with judicial detachment upon the 
rights of a patentee, however good 
his patent. A judiciary loyal to the 
principles of our private enterprise in- 


centive economy is therefore basic to 
a normal operation of our patent sys- 
tem. 


The procedures of litigation have 
been improved and so, to some extent, 
made less costly in the last twenty 
years. Perhaps further ways to simpli- 
fy, to speed up and to lighten costs 
can be devised. At least, fewer patent 
suits would be found necessary if 
patents were pretty generally found 
to be valid when sued upon, so that 
improving the job done by the Patent 
Office as above suggested would min- 
imize the burdens of litigation. Im- 
pairment of the patent incentive by 
litigation troubles, to the extent it 
exists, occurs chiefly in the trial courts 
which account for all but a small frac- 
tion of the expense and delay of liti- 
gating patents, and primarily it is in 
those courts that improvement must 
be sought. 


Our patent system has proved itself 
much too valuable to be lost by neglect 
of the things needful to make it work. 
In the words of the National Patent 
Planning Commission: — 

The American people and their govern- 
ment should recognize the fundamental 
rightness and fairness of protecting the 
creations of its inventors by the patent 
grant. The basic principles of the present 
system should be preserved. The system 
has contributed to the growth and great- 
ness of our nation... 


It is well worthwhile for those of us 
who understand the value of our 
patent system to tell others about it 
and to do whatever we can to build 
up a public support that will assure 
its preservation. 


SUMMARY 


A patent is a payment for the serv- 
ice rendered to the public in making 
and disclosing an invention, and is de- 
signed to enable the patentee to make 


a profit for himself if he can while the 
patent lasts. 


It is the fact that patents are of- 
fered and granted that “promotes the 


447 


t 

y 

it 

n 

d 

it 

e 

y 

is 

of 

e 

st 

1e 

; 

ct 

| 

ld 

at | 

| 

re 

ne 

t: 

al 

re 

ty 

re 

at 

t- 

Ve 

er 

|_| 


progress of useful arts;” not some- 
thing that the patentee is required to 
do with a patent after he gets it. (The 
patent does serve as an inducement to 
market the invention during the 
patent’s life, but that is not part of the 
contract.) 


A patent under our system carries 
the unconditional right to exclude all 
others. Patents in other major coun- 
tries do not—the right being condi- 
tional and also subject to periodic 
assessments, all of which weakens the 
inducement. Our citizens, under our 
system, out-invent those of other lead- 
ing countries under their respective 
systems by better than two to one. 


The flood of inventions in this coun- 
try and the fact that we have far out- 
stripped the world in the development 
of the useful arts indicate that our 
patent system holds out both the right 
kind and the right amount of induce- 
ment to devise new things. 


The unconditional right to exclude 
which we give not only induces the 
making and disclosing of inventions 
but: 

it invites and protects the risk cap- 


ital necessary to get new things 
into commercial use; 


it promotes competition in the mak- 
ing of improvements by others in 
the same line of business; 


it stimulates the patentee to com- 
mercialize the invention whenever 
possible, because that is the only 
way to collect the reward; 


it requires no considerable draft on 
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the taxpayers’ money, and it auto- 
matically matches the reward to 
the value of the invention con- 
tributed. 


Our patent laws do not become out 
of date, since they merely provide a 
means of paying for services rendered 
—a custom not likely to go out of date 
in the next few thousand years. 


Our patent laws do not conflict with 
the anti-trust laws. Patents like any 
other private property can be made 
the subject of dealings that violate 
law. The cure is to stop the deal— 
not to destroy the property. 


The granting of limited licenses for 
the practicing of a patented invention 
is within the patentee’s right. Such a 
license imposes no restriction on trade 
not already imposed by the patent it- 


self, 


A compulsory licensing law would 
destroy the right to exclude and so 
violate the basic principle which has 
made our laws succeed where those 
of other countries have failed. 


A patent does not cover something 
taken from the public to give to an 
individual but is, on the contrary, a 
means of getting something from an 
individuals to give to the public— 
something which did not exist before 
the individual invented it. 


The public, in its own interest, 
should be alert to protect our Ameri- 
can system of patents from attack, or 
deterioration due to poor administra- 
tin and; should be generous in support 
of an institution that pays such great 
dividends. 
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LOAD GROWTH, COMPLEXITY, AND THEIR INHERENT PROBLEMS 


A few years before World War II, 
great publicity was given to an air- 
craft carrier which supplied the City 
of Tacoma with electric power using 
the electric ship propulsion plant. This 
carrier had 4500 KW of installed ship’s 
service electric power capacity in ad- 
dition to that propulsion power sup- 
plied to the city—a marvel at that time. 
Fleet destroyers had 580 KW installed. 
Today a new carrier will have about 
13,200 KW; a destroyer 2,200 KW! 
What has brought this about and what 


does it mean to designers and opera- 
tors? Does the future indicate a con- 
tinuing trend and what is on the hori- 
zon for new electrical equipment? This 
article attempts to answer these ques- 
tions and to evaluate what may be 
necessary in the future for the better 
understanding of both designers and 


operators. 


Taking a carrier as an example, the 
increase in personnel since the SARA- 
TOGA Class has been 30%; the in- 
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crease of KW 193%. KW has increased 
from 1.9 per man to 3.4 per man. By 
comparison, the population growth in 
the United States for the same period 
has been approximately 16.4% while 
the installed KW in utility stations has 
increased from about 0.425 to 0.487 
per capita. The basic reason for this 
growth aboard carriers has been the 
addition of new aircraft and ship’s 
equipment to increase the fighting effi- 
ciency of the ship. For example, the 
shift to accommodate jet aircraft has 
meant an addition of 17 motor gen- 
erator sets for jet starting and elec- 
tronic servicing, and the addition of 
675 KW for increased elevator capacity. 
New weapons, new electronics, and 
new damage control measures increase 
the electric power required. On other 
ships the increased requirements are 
even more drastic—minesweepers, for 
example, have increased their installed 
power by 600% because of advanced 
techniques in mining and countermin- 
ing. 


There are many problems connected 
with such phenomenal growth. Sheer 
bulk is the first obvious factor — if 
the number of pounds of electric plant 
per KW were allowed to remain con- 
stant, this phenomenal growth could 
only be accomplished by displacing 
military equipment or increasing the 
size of ships. The same applies to vol- 
umetric considerations, Two illustra- 
tions will show that concrete reduc- 
tions in weight have been made; space 
has correspondingly decreased. A 
standard ship’s service 600 KW turbo- 
generator set, including condenser, 
installed in 1942 on the CL55 Class 
weighed 28,500 pounds, or 47.5 pounds 
per KW; for the DL type ship the set 
is now maximum rated at 750 KW; 
its weight including condenser, is 21,540 
pounds or 28.8 KW/pound. On mine- 
sweepers, where every pound counts, 
the pounds/KW of a diesel generating 
set has decreased from 59 pounds/KW 


to 44.5 pounds/KW. How has this been 
accomplished? First, by increasing ro- 
tating speeds; secondly, by the use. of 
new materials; and thirdly, by the 
use of more precise engineering and 
better regulators which require less 
inherent regulation in the sets and, 
consequently, less magnetic iron in 
their construction. 


The overall increase in power con- 
nected to a single system has made 
circuit protection against overloads and 
short circuits more important and dif- 
ficult. For example, circuit breaker 
capacities to interrupt short circuits 
have gone from 75,000 amperes to 100,- 
000 amperes in the larger sizes. Fuses 
have had to be developed so that they 
are rated, for special applications, to 
interrupt a short circuit current of 
68,000 amperes in the 30 ampere size 
whereas a standard 30 ampere fuse 
is only rated to interrupt 1500 amperes 
at 450 volts. The complexity of the sys- 
tems and the need for alternate sources 
of power in damage control has in- 
creased the number of automatic buss 
transfer equipments from none on old 
carriers to 60 on new types and has 
also increased their complexity. 


Outside of the power systems them- 
selves a corresponding development 
has gone on which reflects back upon 
the electric plant. Everyone knows of 
the growth of electronic systems, and 
interior communications. Each of the 
military requirements for these new 
systems results not only in a demand 
for more total power, but also in a 
need for better voltage and frequency 
regulation from the power source. 
Such regulation could be obtained 
through local devices at the equipment 
itself. To do this, however, imposes a 
multiplicity of special devices, such 
as closely regulated small motor gen- 
erator sets, the aggregate of which 
adds total weight, space and mainten- 
ance that would not be necessary if 
the same regulation were inherent in 
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the power supply. Provision of the 
desired characteristics in the power 
supply is not always feasible, but the 
general trend can be seen in the pres- 
ently specified 2% band regulation in 
voltage for a submarine set of 75 KVA 
whereas ten years ago 4% for a 2 
KVA set was the basic requirement. 
This has largely been possible through 
use of magnetic amplifier regulators 
which combine inherent shock resist- 
ance with better regulation at some 
expense in complexity and weight. 
Their problems to designers and op- 


erators will be discussed later. 


This survey of the past and present 
shows that power requirements have 
gone up; systems have become more 
complex; regulation has had to be- 
come better—while shock resistance, 
ruggedness and reliability have con- 
tinued to be a basic inherent demand 
of any new equipment. Let us examine 
some of the basic methods by which 
this progress has been maintained and 
the knowledge which operators must 
have to run and maintain equipment 
which uses such new techniques. 


NEW MATERIALS AND TECHNIQUES 


The ability of a motor or generator 
to deliver increased power with all 
other factors fixed depends largely on 
its ability to throw off the heat gen- 
erated within itself in such a manner 
that its continuous running tempera- 
ture does not injure the electrical 
properties of the materials of which it 
is built. Since metallic materials are 
not affected by temperatures within 
the present range of operating temp- 
eratures and the only other materials 
present are those used for insulation 
and bearing greases, it is apparent 
that new insulating materials which 
can withstand higher temperatures 
will enable a piece of rotating equip- 
ment to develop more power in the 
same size, if bearing greases and tol- 
erances can also stand this tempera- 
ture. Many new materials have been 
developed; the chief advances have 
been in silicone insulation for rotating 
equipment, and melamine for block 
insulation. Since these materials are 
now coming into wide-spread use in 
industry and the fleet, a few words on 
them should be of value. Silicone 
(Class H) is a manmade compound 


which in its present form as winding 
insulation on rotating equipment can 
withstand hot spot temperatures up to 
about 400° Fahrenheit, as well as being 
more moisture resistant to salt spray 
than the previous Class “B” t 

which, by the way, will take only 266° 
Fahrenheit. This provides the designer 
with the opportunity to increase power 
output within the same space and 
weight. Since the operating tempera- 
tures are higher, special heat stabilized 
bearings and greases must be used. 
Rotating equipment is now being used 
which, although not designed to the 
very maximum hot spot temperatures, 
does utilize this advantage of silicones 
such that it runs considerably hotter 
than old types of equipment. All 
equipments have on their nameplates 
the class of insulation, and if “H” is 
specified, operators should expect them 
to run much hotter than temperatures 
which would previously indicate in- 
cipient failure. They should check the 
allowed temperatures before becom- 
ing unduly alarmed and remember 
that special bearings and greases must 
be used as replacements. It should also 
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be remembered that silicones have 
special, different, baking processes and 
repairs should not be made using con- 
ventional varnishes, tapes, or baking 
techniques. Silicones are slightly less 
resistant to abrasion than old types 
of insulation. Fig. 1 shows what has 
been done to motors using silicones. 
The same avenue of approach has been 
taken in reducing shipboard cable 
weight by 20% and 35% in volume 
from wartime standards. New mate- 
rials and new manufacturing methods 
have cut down the size and weight. 
Operators should acquaint themselves 
with the new temperature limits and 
changes in acceptable insulation re- 
sistances before concluding that new 
type cables are overloaded or have too 
low a resistance value, since these may 
well be within the limits of new de- 
signs. 

Although not as apparent to opera- 
tors, new types of fixed insulation have 
replaced older types of paper and cot- 
ton based phenolics. These new types 
do not support combustion and re- 
quire less space for the same insulat- 
ing values under the dirt or moisture 
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conditions found on shipboard. One 
should be careful in maintenance work 
to replace insulating spacers, bases, 
etc., with like types of insulation if 
the performance intended by the de- 
signer is to be maintained. Bills of 
material or plans will provide the cor- 
rect specifications for insulating ma- 
terials. 


Another avenue of approach to cut- 
ting space and weight is to increase 
the rotating speed of electrical equip- 
ment. Fig. 2 shows the effect on weight 
when speed is increased for various 
types of ship’s service motors. As speed 
is increased, the mechanical problems 
involved in electrical apparatus be- 
come more acute. Better bearings, with 
correct lubrication have to be used; 
balance of rotating parts becomes 
more important and items important 
to resisting centrifugal force, such as 
banding wire and commutator secur- 
ing methods must be of proper design. 
For example: The main bearing in a 
24,000 RPM 400 cycle turbo generator 
has a clearance of 0.0045 inches as op- 
posed to 0.006 to 0.009 inches in an 
older type 1200 RPM 60 cycle genera- 


Figure 1. New:5 h.p. totally enclosed, non-ventilated Westinghouse motor (at left) pro- 
tected with Silicone Insulation has same pets as much larger motor (at right) wound 


with Class “A” insulation; (Photo, 


estinghouse Electric Corp.) 
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tor, and the permissible vibration of 
the higher speed machine is % mil., 
rather than 2 mils. in amplitude. These 
factors must be considered by main- 
tenance personnel and operators in 
order that the machines may function 
properly, and instruction books con- 
sulted rather than relying on experi- 
ence with slow machinery. In 
the field of circuit protection the same 
advances have been accomplished. Us- 
ing new knowledge of the basic facts 
of arc interruption, industry has de- 
signed circuit breakers for submarines 
which were thought impossible ten 
years ago. No breakers were installed 
in propulsion circuits at that time be- 
cause it was not possible to accommo- 
date them in the cramped space avail- 
able. A vigorous development pro- 
gram necessitated by the submarine’s 
increased power resulted in circuit 
breakers which will interrupt 50,000 
amperes at higher voltages than be- 
fore. A comparable reduction has gone 
on in surface ship devices. A powerful 
new tool, the improved line of small 
air circuit breakers, has thus become 
available for protection and safety in 
electrical systems. As far as opera- 
tors are concerned circuit breakers re- 
quire very little maintenance. A 
knowledge of their application, the 


values of their interrupting capacity, 
and the effects of selective tripping on 
damage control should be known and 
appreciated. 


Just coming into use are improved 
and new types of fuses; the generic 
name of a new type is the “silver sand 
fuse.” They have new and interesting 
characteristics, chief of which is their 
speed of response, which enables in- 
terruption before currents can obtain 
dangerous values. Fig. 3 shows the 
time characteristics of a silver sand 
fuse and a standard fuse. Because of 
their ability to quickly cut off current, 
they will interrupt a circuit fault 
which, if allowed to continue, would 
go to 68,000 amperes. They are ex- 
pensive and their characteristics are 
not needed in most naval applications 
—for special applications where very 
high short circuit currents can result 
from a fault, there is no substitute. 
Operationally a standard fuse should 
never be substituted for a silver sand 
fuse—the standard one will blow up 
under a heavy fault. In order to pre- 
vent an inadvertent mistake, fuse clips 
for this type are of a different size than 
for standard fuses. 


One further general item finding its 
place in the fleet is the magnetic am- 
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plifier. Its use has grown from prac- 
tically zero in 1945 to countless appli- 
cations now in service. Many techni- 
cal articles on the subject have been 
written but there are a few important 
generalities for the operator and main- 
tenance man to consider in using these 
devices. Magnetic amplifiers, amplistats 
and devices of similar name are essen- 
tially equipments which basically use 
special type transformers and rectifiers 


to control large amounts of power with 
small imput currents. As a system they 
use small resistors, inductors, and ca- 
pacitors to obtain feedback or bias 
similar to electronic circuits. Their 
use is now so widespread that it be- 
hooves any users of modern shipboard 
electrical apparatiis to understand 
their fundamentals and methods of ad- 
justment. Of particular note is the 
maintenance problem of aging recti- 
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NEW HORIZONS 


fiers and methods of measuring recti- 
fier characteristics; proper phasing and 
biasing throughout the circuits and the 
peculiar saturation effects in the mag- 
netic properties of their transformers. 
All of these are familiar to electronics 
technicians but are a new field for the 
power electrician. 


The results of the large increases in 
power required and new technology 
in electrical apparatus has thus been 
the introduction of new insulating ma- 
terials, higher rotating speeds of equip- 
ment, new types of protective equip- 
ment, and the introduction of many 
new regulating devices based on the 
magnetic amplifier. These are funda- 
mental to the host of new devices 
which perform operating functions 
formerly unknown or done by other 
means. 


Much progress has been made, but 
technology never stands still and the 
curve of new developments trends 
steeply upward. Already in the de- 
velopment stage are many items which 
will fill present needs of the fleet. Pre- 
dictions are hazardous to make but 
are often productive in that they 
stimulate forward thinking. Let us try 
a few and see what may be on our 
ships in the next ten years. 


Two items stand out in rotating 
equipment: motors which will run in 
air or fully submerged, and artificial 
methods of cooling. Submersible mot- 
ors are needed for underwater ord- 
nance, for actuating rudders, for sub- 
mersible pumps, and for locations sub- 
ject to flooding where continuity of 
service is paramount, such as bilge 
pumps. Various types of motors, oil 
filled, sealed, etc., are available now, 
but as yet there is no one fully sub- 
mersible motor fit for all applications 
at all pressures. Such a motor can and 


will be built. Cooling of rotating elec- 
trical equipment is becoming a more 
urgent need as heat outputs go up, 
ships are closed against atomic attack, 
the size of inefficient air cooling be- 
comes prohibitive, and more spaces 
become air-conditioned. Industry is 


now hydrogen cooling very large gen- 
erators; marine applications will soon 
demand some such development. Four 
approaches are possible — none have 
been fully explored: cooling of shafts 
by hydrocarbon refriger- 
ants, gas cooling of interiors, water 
cooling by water vapor, and water 
jacketing. 


Since cooling carries additional 
equipment weight, it will probably 
never be a final answer for small 
equipment; heat resistant materials 
must and will be developed. In this 
field new developments will have to be 
used. For bearings used beyond the 
heat-stabilized range of steel, some 
form of ceramic-metal compound will 
undoubtedly be used; the same avenue 
of approach is open for insulating ma- 
terials above the 400 F range. In the 
static field, magnetic amplifiers will 
be simplified and standardized to the 
point where system output can be pre- 
dicted by the assembly of standard- 
ized components, much as electronic 
devices can now be accurately designed 
from standardized components. Recti- 
fiers will be vastly improved in power 
sizes, heat absorption capacity and ag- 
ing characteristics. It should be pos- 
sible to make greater use of non-lin- 
ear conductive materials to make stat- 
ic inverters and rectifiers rather than 
rotating motor generator sets for con- 
version of large blocks of power from 
AC to DC or the reverse. 


More use will certainly be made of 
magnetic clutches for all kinds of de- 
vices and their capacity will be extend- 
ed to larger sizes. 
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PRESENT AND FUTURE DEVELOPMENTS IN NAVAL ELECTRICAL EQUIPMENT 


CONCLUSION 


The amount of electric power in- 
stalled in naval ships has grown 
enormously in the past ten years; the 
equipment has decreased in unit 
weight and space while maintaining 
reliability under battle conditions. New 


developments will continue this trend 
and its use will become more wide- 
spread. The methods used to attain 
these goals and their operating impli- 
cations should be known to Marine 
Engineers. 
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OPERATION OF A MARINE 
GAS TURBINE UNDER 
SEA CONDITIONS 


before The Institute of Marine 


ACKNOWLEDGEMENT 
This is a condensed version, as published in the November 1953 issue of 
“The British Motor Ship,” of a paper presented by John Lamb and R. M. Duggan, 
Engineers in London on 13 October 1953. Included 
also are some notes on the discussion of this paper. 


The 1,200 b.h.p. open cycle non-re- 
versible British Thomson-Houston gas 
turbine set installed in the “Auris” is 
essentially experimental. It was de- 
signed for the express purpose of de- 
termining the problems likely to arise 
due to long continuous operation, 
varying conditions of atmosphere and 
sea and the burning of the heavier 
grades of liquid fuel. Before being in- 
stalled in the ship the set underwent 
shop trials for 679 hours. 


The “Auris” was originally propelled 
by four 1,105 b.h.p. at 375 r.p.m. Diesel 
engines driving A.C. alternators which 
supplied current to a synchronous 
motor directly connected to the ship’s 
propeller shaft. This form of propul- 
sion was adopted for two main reasons, 
the first being to obtain experience 
with the burning of high viscosity fuels 
in moderately high-speed Diesel en- 
gines, and secondly to permit installa- 
tion of the turbine, then being con- 
structed, at a later date. Also, it was 
desired to try out A.C. electrical cur- 
rent for all ship’s services under sea 
conditions. 


The removal of one of the Diesel 
engines made available a space which, 
though large enough to accommodate 
a gas turbine of the required power, 
placed certain restrictions on its de- 
sign; in particular, the narrow width 
dictated the choice of an arrangement 
in which the h.p. turbine and com- 
pressor were mounted vertically above 
the Lp. turbine and alternator. Inter- 
cooling would not in any case have 
been adopted owing to the small mass 
flow, but the heat exchanger had to 
be limited in size. The Diesel engine, 
which was to be replaced by the gas 
turbine set, was provided with a com- 
pletely independent fuel system which 
incorporated centrifugal purifying 
equipment of the type used so success- 
fully on motorships burning high vis- 
cosity fuels. Such provision enabled 
firstly one Diesel engine and sub- 
sequenly the gas turbine to be oper- 
ated on fuels of different charac- 
teristics, or fuels specially treated, 
while the remainder of the installa- 
tion operated on normal grades. 
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Figure 1 shows the air and gas paths 
through the components of the gas 
turbine and the designed pressures 
and temperatures. It also indicates 
approximately their relative positions 
in the ship. The preheated compres- 
sed air from the heat exchanger is 
led to the twin combustion chambers 
situated in the heat exchanger outlet 
drums. Only about a fifth of the air 
supplied by the compressor is needed 
for combustion of the fuel, which takes 
place in the refractory lined primary 
zone and which results in temperatures 
of 3,000° F. or more. The remaining 
four-fifths are led into the mixing zone 
in order to cool the gases to 1,200° F., 
the designed inlet temperature of the 
h.p. turbine. The h.p. turbine is coup- 
led to the compressor, which absorbs 
the whole of its power output. 


A short straight vertical duct leads 
the exhaust gas from the h.p. turbine 
to the l.p. turbine, which is coupled to 
the alternator and develops 1,200 
b.h.p. or 860 kW. at the alternator 
terminals. From the lp. turbine ex- 
haust the gas flows upwards through 
the heat exchanger, as mentioned 
above, and thence to the atmosphere. 


The set is designed to produce 1,200 
b.h.p. at the l.p. turbine coupling when 
working in an ambient air temperature 
of 68°F. (20°C.), with a maximum 
h.p. turbine gas inlet temperature of 
1,200° F. (650° C.) and a pressure of 
47 p.s.i. gage. The designed speed of 
the h.p. turbine/compressor shaft is 
5,750 r.p.m., and that of the Lp. tur- 
bine/alternator shaft 3,000 r.p.m. 


The total weight of the set and its 
alternator is 55 tons (102.5 lb. per 
b.h.p.), the weight of the Diesel en- 
gine and alternator which it replaced 
being 43 tons. Included in the 55 tons 
is the 16-ton heat exchanger. Con- 
clusions regarding weight ratio, how- 
ever, should not be drawn from these 
figures because this turbine set was 
designed nearly eight years ago, and 


experience gained since indicates that, 
so far as power output is concerned, 
a considerable increase could be ef- 
fected for the same weight. 


Present-day standards would re- 
quire an improved thermal efficiency 
and most methods of obtaining it in- 
volve an increase in weight. For ex- 
ample, air compression may be carried 
out in two stages, with an intercooler 
between the stages, and the effective- 
ness of the heat exchanger may be 
increased by enlarging its size and 
weight. Nevertheless, a long life tur- 
bine set of 5,000 b.h.p. could now be 
designed and built with a specific fuel 
consumption considerably lower than 
that of the “Auris” turbine, with no 
increase in the gas inlet temperature 
and yet with a total weight for turbine 
and alternator of only 74 lb. per b.h.p. 


General Operation 


The gas turbine set in the “Auris” 
went into service in October 1951, and 
it has operated under sea conditions 
normally encountered in all parts of 
the western hemisphere for two years, 
during which time the ship has 
covered more than 115,000 nautical 
miles. The set has operated without 
involuntary stops between ports, and 
on one voyage across the Atlantic in 
mid-winter it was by arrangement the 
sole propelling power, the turbine 
operating on fuel of 1,230 seconds Red- 
wood I at 100° F. viscosity. A normal 
grade of boiler fuel with a viscosity 
not exceeding 1,500 seconds had been 
requested. 


A feature which has impressed all 
who have seen the turbine operating 
is the total absence of vibration and 
mechanical noise. All that can be 
heard is a high-pitched whistle when 
the turbine is being worked up to full 


No major renewals have been neces- 
sary and the. cleaning of the air com- 
pressor and heat exchanger has be- 
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come a routine operation which can 
be accomplished well within the time 
the ship is loading or discharging its 
12,000 tons of bulk oil cargo. 


During the shop trials and the two 
years service which followed, the gas 
turbine set has operated on load for 
11,200 hours and consumed 3,468 tons 
of fuel. Of this period, 2,800 hours 
have been on fuels having a. viscosity 
of between 1,200 and 1,500 seconds 
Redwod I at 100° F. During the re- 
mainder of the time, the set has run 
on normal marine Diesel grades. None 
of the fuel used has been ash free, 
the marine Diesel containing up to 
0.06% of ash and the boiler fuel up 
to 0.09%. When all parts are working 
at their full efficiency, the average fuel 
consumption per b.h.p. is 0.75 Ib. In 
the case of the 8,300 b.h.p. gas turbine 
set to be installed in the Anglo-Saxon 
18,000-ton d.w. tanker now under con- 
struction, the thermal efficiency will 
be not less than 27% and the fuel con- 
sumption of the order of 0.53 per b.h.p. 
per hour. This set will operate ex- 
clusively on normal grades of boiler 
fuel. 


When the set in the “Auris” was 
first put into service, the intention 
was to use Diesel fuel on the first 
round Atlantic voyage and then change 
over to more viscous fuel. At the .end 
of the first voyage, however, slight 
corrosion of the first row of h.p. tur- 
bine blades was observed and new 
blades of greater heat- and corrosion- 
resisting properties were ordered. The 
' set was then operated on boiler fuel, 
but when after a time it was learned 
that the new blades could not be de- 
livered in under 18 months, the h.p. 
turbine inlet temperature was re- 
stricted to 1,100°F. and the set put 
back to work on marine Diesel fuel, 
although there was at that time no 
evidence to indicate that this grade 
was less detrimental in this 
It was nevertheless assumed that it 
would be, and the changeover was 


made to avoid the possibility of the 
set being made temporarily unusable 
and experiments in other directions 
interrupted. The new blades are now 
being fitted and when the ship returns 
to service the set will be run on normal 
grades of boiler fuel. 


A total of 172 gal. of lubricating oil 
has been consumed in two years and 
of this quantity 70 gal. were lost in 
the first few months due to joints leak- 
ing and trouble with the center 
pedestal bearing, as described later. 
The highest temperature attained by 
the white metal of the bearing in the 
hottest location was 150° F. with a 
sea temperature of 83° F. 


Routine Inspection 


Of the four rotating components of 
the set (alternator included) the h.p. 
turbine only was fully opened up for 
inspection during the two years’ sea 
service. The deposit found on the Lp. 
turbine blades is a light brown dust 
in a quantity too small to have any 
adverse effect upon performance, 
while so far as is known at present no 
corrosion or erosion has taken place. 
The conclusion reached regarding this 
component is that it will operate for 
an indefinite period without attention 
on all fuels with a viscosity up to 1,500 
seconds. More viscous fuels have not 
yet been used on the “Auris.” 


The h.p. turbine operates at the 
highest temperature and under the 
most severe conditions as regards im- 
purities in the gases, and, during the 
24 months’ sea service, the upper half 
of the casing was lifted three times 
and on two of these occasions the rotor 
was also lifted. 


The first occasion was at Curacao 
at the end of the first voyage after 618 
hours full power operation, the total 
including shop trials being 1,297 hours. 
The set had operated in a most satis- 
factory manner during the voyage, the 
reason for opening up so early being 
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to examine a welded part of the rotor 
shaft about which there was some ap- 
prehension. The weld in question 
dated from the time the set was built 
and the inspection proved the fears 
to be unfounded. 


Prior to this inspection, marine 
Diesel fuel of 40 seconds Red. I at 
100° F. viscosity was used. The fuel 
deposits on the first row of blades 
were not extensive, being about 10/ 
1,000 in. thick, but were adhering 
firmly. The thickness of deposit on 
the subsequent rows became progres- 
sively less, there being no deposit on 
or after the fifth row. This component 
has seven rows of blades. The rotor 
was not lifted on this occasion, so that 
the stator blades in the top half of the 
casing only were visible. On the front 
face of these, some patches of hard 
corrosion scale were adhering, some 
of which had cracked and fallen off, 
while the back face was fairly evenly 
covered by a dark grey substance. A 
few patches of fuel deposit on the front 
face were observed but at no point 
was the corrosion scale or fuel deposit 
of measurable thickness. What is re- 
ferred to as “scale” is the product of 
oxidation of the steel, whilst “deposit” 
is from the products of combustion 
and is mostly composed of ash. 


As already mentioned, patches of 
corrosion were observed on the first 
row stator and rotor blades and it was 
decided to order four rows of blad- 
ing of superior material, the first and 
second rows to be made of Nimonic 
80A and the third and fourth rows of 
FCBT steel. The second inspection was 
carried out at Stockholm after a fur- 
ther 532 hours on load (total 1,829 
hours), of which 135 hours were with 
the turbine burning high viscosity fuel 
of 1,338 second Redwood I at 100° F. 
The rotor was lifted on this occasion. 
Inspection showed some further de- 
terioration in the first two rows of 
stator and rotor blades and an in- 
creased quantity of deposit. While the 


increased quantity of deposit was 
undoubtedly due to the use of heavier 
fuel, no definite opinion can be ex- 
pressed as to whether the increased 
blade deterioration was due wholly 
or in part to the change of fuel. Also, 
it was noted for the first time that a 
portion of the blades represented by 
the 2/3 o’clock position of the first row 
of stator blades, when viewed from 
the exhaust end, were more affected 
than the blades in the remainder of 
the top half casing or any part of the 
lower half of the casing. Moreover, 
it was no longer possible to clean the 
blades to a smooth metal surface and 
the fuel deposits on the third row of 
blading were very hard and were 
found to be most tenacious. 


The third inspection of the h.p. tur- 
bine was carried out at Curacao after 
operating on fuel of 1,230 seconds vis- 
cosity for a period which included the 
voyage across the Atlantic when 
propulsion was by the gas turbine 
alone. The purpose of this inspection 
was to observe the effect of burning 
high viscosity fuel and to collect de- 
posit and scale samples for analysis. 

The trailing edge of the first row of 
stator blades showed distinct signs of 
wastage. There was also a noticeable 
difference between the front and back 
faces of the top half stator blades. 
When viewed from the low pressure 
end, the first six blades, counting 
clockwise from the left-hand side, 
were completely free from deposit ex- 
cepting for a soft local accumulation 
at the root of each blade. The surfaces 
of these six blades were rough and 
dark grey in color. 


On the blades to the right of the 
six referred to was a soft deposit which 
gradually became heavier as the right- 
hand side was approached. Under- 
neath the deposit, which was easily 
removed, a hard white scale had 
formed, which could be removed but 
not easily. A feature noted on this 
occasion was that while the blades 
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reported as most severely corroded at 
the second (Stockholm) inspection 
were coated with hard white scale, 
they now appeared better in this re- 
spect than those on the left-hand side. 


During the voyage preceding the 
third inspection, temperature trav- 
erses were made of the ducts leading 
the gases from the two combustion 
chambers to the h.p. turbine. These 
disclosed that a variation of 200° F. 
existed in each duct at a distance of 
5.6 in. between the points of measure- 
ment. Also, although the temperature 
generally was 1,180° F., there existed 
an area where the temperature was 
1,253° F. 


From this it is evident that the 
stratification which occurs due to im- 
perfect mixing in the combustion 
chamber persists round the inlet bend 
and scroll; consequently, some stator 
blades will be subjected to higher 
temperatures than others. When the 
temperature exceeds 1,157° F. (650° 
C.), laboratory work indicates that 
corrosion proceeds at an accelerated 
rate, probably due to certain con- 
stituents of the ash becoming molten. 
The exact point at which this occurs 
varies with the composition of the 
ash, but after 1,200° F. (650° the 
corrosion rate is even more rapid. 


It was also found in the earlier tests 
that when the lips on the shrouds be- 
came burnt, the temperature profile 
in the inlet ducts was affected, and 
this has subsequently been observed 
when any alterations or adjustments 
to the combustion equipment have 
been carried out. 


Thus, the combustion ch 
carried out immediately before the 
second inspection can account for the 
most severely damaged areas of the 
first row stator blades moving from 
the 2/3 o’clock to the 10/11 o’clock 
position. 


When opened up on this, the third 
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occasion, a greater general accumula- 
tion of fuel deposits was found on the 
first few rows of blades. The first row 
stator blades were almost free of de- 
posit when exposed, it having evident- 
ly reached such a thickness and 
weight that it readily became detached 
and fell off during the thermal con- 
traction of the blades at the end of 
the run. 


Two Forms of Corrosive Attack 


The power output of the set is 
limited by a number of factors which 
operate under different conditions. The 
most important is the h.p. turbine inlet 
temperature, which is regulated by the 
fuel supplied to the burners. After the 
second inspection of the h.p. turbine, 
the maximum inlet temperature was, 
as already mentioned, restricted to 
1,100° F. in an endeavor to prolong the 
life of the turbine blades pending their 
replacement. 


The extent of corrosion of certain 
h.p. turbine blades has not yet been 
accurately measured as all original 
blades are still in use. When the most 
recent inspection was made corrosion 
was limited to the first four rows of 
stator and rotor blades. These blades, 
it might be pointed out, were made 
eight years ago of material which was 
the best then procurable. Since that 
time, superior material has become 
available and there is no doubt that 
considerably better results as re 
resistance to corrosion will be obtained 
with the new blades. 


The corrosion is attributed to cer- 
tain constituents of the fuel ash formed 
on combustion. Two types of attack are 
recognized, one due to vanadium pen- 
toxide (V,O,) and other vanadium- 
containing compounds, and the second 
due to sodium sulphate (Na,SO,). The 
mechanism of the attack by vanadium- 
bearing compounds appears to be one 
of accelerated oxidation, whereas that 
due to sodium sulphate is by inter- 


462 


Pi i 


eed 


OPERATION OF A MARINE GAS TURBINE UNDER SEA CONDITIONS 


granular penetration of the metal. 


There is no doubt that the h.p. tur- 
bine blades are the most vulnerable 
to attack, especially when burning 
normal grades of boiler fuels, but ex- 
periences ashore and afloat are en- 
couraging. Rules for the periodical 
survey of gas turbines have not yet 
been formulated, but from all points 
of view it seems desirable, even at 
this early stage of gas turbine develop- 
ment, that blade life should be not 
less than 20,000 hours, the equivalent 
to four years’ service at 5,000 hours 
per year, and it is confidently expected 
that the materials chosen for the new 
blading in the “Auris” will fulfill this 
requirement. 


After two years’ sea experience with 
the first gas turbine propelling set to 
be installed in a merchant ship, the 
authors’ views are as follows: — 


(1) There is nothing in its operation 
which is beyond the capacity of the 
average ship’s engineer. The absence 
of noise and vibration are considered 
to be desirable features. 


(2) The gas turbine is not affected 
mechanically by any conditions likely 
to be encountered at sea in any part 
of the world. 


(3) There is no reason why future 
gas turbine installations should not 
operate efficiently and continuously on 
the longest -voyages. | 


(4) Apart from defects in materials 
and workmanship, the life of the 
major parts (h.p. turbine blades ex- 


cepted) of a conservatively rated in- 
stallation will not be less than the life 
of the ship. 


(5) A life of not less than 10,000 
hours may be confidently expected 
from h.p. turbine blades if made of 
the best material now procurable. 


(6) While for equal power output 
the gas turbine has the advantage in 
weight and space occupied, and will 
in the not far distant future compare 
favorably with the Diesel engine in 
the matter of fuel economy, its main 
advantage is likely to be low main- 
tenance cost. 


(7) In contemplated gas turbine 
installations the emphasis should be 
on simplicity of construction until 
more experience has been obtained 
under arduous sea conditions. 


(8) Satisfactory operation may be 
obtained with a gas inlet temperature 
in excess of 1,200° F., but with mate- 
rials now available and for long con- 
tinuous operation, a higher initial 
temperature is not at present con- 
sidered advisable. 


(9) While distilled fuels give the 
best results, the indications are that 
the difficulties at present encountered 
with the burning of residual fuels 
will be overcome. 


(10) The leaning at the present time 
is towards electrical transmission, but 
the advantages of mechanical drive are 
attractive and these will no doubt be 
developed in due course. 


NOTES ON THE DISCUSSION 


SIR HAROLD ROXBEE COX 
opened the discussion and stated that 
he could not deny a certain enthusiasm 
for the gas turbine, but, like Mr. Lamb, 
he also had an affection for the Diesel 
engine, which must be with us for a 


very long time and which has many 
years of admirable service ahead. 


At present, the efficiency of the 
Diesel engine is about twice that of 
the gas turbine, so that the gas turbine 
must still be considered as having a 
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long way to go. Referring to the ad- 
vantages of the gas turbine from the 
maintenance and weight aspects, he 
cautioned that another weight to be 
considered is the weight of bunkers 
carried, and in that respect the gas 
turbine is at a disadvantage. 


In considering high-temperature 
operation, it was pointed out that 
temperatures would be required prob- 
ably twice those now being used. The 
“Auris” gas turbine is operating at a 
relatively low inlet temperature, and 
although some deposits remain to be 
disposed of, attack from vanadium 
and vanadium pentoxide has not been 
very potent. As temperatures are in- 
creased there is more danger. At pres- 
ent, because of the troubles caused 
by vanadium, the problem of burning 
residual fuel is much more difficult 
than that being experienced on the 
industrial side in burning coal and 
peat. If an efficiency of 45 per cent. 
has to be obtained, greater component 
efficiencies are required for the com- 
pressor and turbines, and, further- 
more, it will be necessary to have com- 
pressors and compressor system with 
much higher compression ratios than 
at present. It is at this stage that the 
designer of marine and industrial gas 
turbines lags behind the aircraft in- 
dustry, which has compressors of a 
higher ratio than those current designs 
for marine and industrial gas turbine 
applications. 


Mr. B. E. G. Forsling, of the British 
Thomson-Houston Co., suggested that 
the gas turbine is mainly suitable for 
moderate powers of, at present, 3,000- 
8,000 s.h.p., a range suitable for the 
majority of ocean-going ships. Ex- 
perience with the “Auris” gas turbine 
had indicated that, provided the initial 
temperature selected was not too high, 
neither ash deposition nor corrosion 
constituted such serious problems as 
research work seemed to indicate. 
The magnitude of the problems, he 
said, depended to some extent on the 


size of the gas turbine. A larger unit 
than that in the “Auris” and having 
larger blades and wider passages be- 
tween them would obviously operate 
over a longer period before loss of 
material from corrosion and reduc- 
tion of the blade passages due to de- 
position affected the performance to 
any appreciable extent. 


This had been proved during the 
running of a 2,500-kW. gas turbine 
which was recently tested at the Rug- 
by works of the B.T.H. The set was 
in operation for some 300 hours on 
residual fuel with a viscosity of 500 
sec. Red. 1 at 100° F. and a total ash 
of 0.04%, so that, in fact, a light boiler 
oil was burned as it was received. 
During the test there was no falling 
off in efficiency, either of the turbine 
or of the set as a whole. The reduction 
of the effective flow area of the turbine 
was only about 1%, which was just 
outside the accuracy of the measure- 
ments. A gas turbine of adequate size, 
then, extrapolating the results, would 
be able to run for a considerable 
period, say 1,000 hours or more, before 
it became necessary to shut it down 
for cleaning. If the deposits broke off 
or could be removed without the need 
to open the turbine, marine service re- 
quirements would be met. 


Mr. W. Kilchenmann, of Sulzer Bros., 
was interested to know how the pro- 
posed thermal efficiency of about 45% 
would be achieved. A maximum tem- 
perature of 1,000°C., or 1,835°F., is 
needed at the high-pressure turbine 
inlet, even assuming the best com- 
ponent efficiency and with a com- 
plicated plant arrangement. 


For ship propulsion, preference 
would sooner be given to a somewhat 
simpler layout. In addition to this, no 
extremely optimistic assumptions are 
made for the component efficiency of 
the plant, so that a temperature of 
some 1,200°C., or 2,200° F., is neces- 
sary to obtain such high thermal ef- 
ficiency. Attention must also be paid 
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to ensure that blade cooling arrange- 
ments do not cause excessive addi- 
tional losses. 


The burning of boiler fuel in gas 
turbines does not appear to have yet 
been solved, but he ventured that the 
ultimate solution should not be too 
difficult. Nevertheless, his firm had 
collected a lot of data on this subject 
and the conclusion has been reached 
that the problems to be overcome are 
greater than to be expected from the 
tests carried out on the “Auris.” Par- 
ticular care must be taken of fouling 
and corrosion as the extent of these 
rose with respect to the operating 
temperature and were also propor- 
tional to the concentration of the com- 
bustion gases. It was stated that his 
firm have made some promising tests 
with additives, the use of which, it 
was felt, is the safest solution to the 
problem of burning oil under in- 
creasingly difficult conditions of higher 
temperature and pressure. 


Mr. I. G. Bowen, discussing the view 
held by many that ash deposits form 
an obstacle to gas turbine progress, 
referred to the findings on the ex- 
perimental gas turbine at C. A. Par- 
sons and Co., and summarized by 
Bowden, Draper and Rawling. They 
were, briefly:—with combustion con- 
ditions in which all the carbon was 
burned, the Parson gas turbine suf- 
fered a very high rate of ash de- 
position. If the combustion condi- 
tions were altered to produce a 
sufficient quantity of what were 
known as “stack solids,” then the tur- 
bine was kept free of deposits. A sec- 
ond solution was found with the in- 
troduction of additives to the fuel 
which resulted in a reduction of de- 
position for periods of running up to 
30 hours. The most promising of these 
was silica added to the fuel in a soluble 
form and this was suggested by Sulzer 
Bros., who had found a reduction in 
deposition with that element in both 
rig and engine tests. 


Reference was made to a postcript 
in the paper wherein the authors de- 
scribed their recent experiences on 
heavy oil. With a normal residual fuel 
containing 0.07% ash, the “Auris” 
crossed the Atlantic with a reduction 
in turbine area of 5% in 500 hours. 
That corresponds to 10% power, al- 
lowing for change of ambient tem- 
perature. 


It was then stated that the stage is 
set for full-scale trials on heavy oil 
and recently three separate tests had 
been carried out. A fuel of high ash 
content was chosen—12%—and the 
first run was on the existing build with 
no attempt to produce stack solids. The 
result was a rapid build-up of deposits 
and in 70 hours the turbine area was 
reduced by 21%. After shutting down, 
a good deal of this deposit fell off. 
The following test was one on which 
atomization was coarsened by reduc- 
tion of the fuel temperatures in order 
to produce stack solids. The test ran 
140 hours and the turbine area 
steadied after 100 hours to a value of 
8% below that at the start-up. 


The third test was the use of a silica- 
additive but with the assistance of in- 
creased stack solids. After some initial 
difficulty, a continuous run of 94 hours 
was achieved in which the turbine 
area was increased by 4%. 


Mr. Lamb, in his brief reply to some 
of the more general points raised, said 
that a 45% efficiency was no doubt 
high but that it was better to aim high 
than low and results from only a 
limited number of years’ work on the 
project encouraged his aims. Progress 
is more rapid than generally realized 
and it was mentioned that whereas 
the “Auris” has an efficiency of about 
20%, the set now under construction 
for the Anglo-Saxon 18,000-ton tanker 
should attain 28%. Referring to the 
suggestion that aeronautical deveiup- 
ments of the gas turbine had some- 
thing to offer the marine field, he 
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said that his company wants a turbine 
to last not a month but for the life 
of the ship—for 25 years. He felt sure 
that good progress is being made to- 
wards that end. In the “Auris” no 


major part has been renewed, and 
although the whole turbine is to be 
opened up, no renewals are anti- 
cipated. 
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FREE ENTERPRISE WITHIN THE NAVY 
AN EVALUATION OF REPAIR SHIPS 


CAPTAIN JOHN ADRIAN HACK, U.S. NAVY 


the Fleet. This is his third 


THe AUTHOR 


is a graduate of the U.S. Naval Academy in the Class of 1935. After varied 
service in destroyers and submarines he received post graduate instruction at 
Rensselaer Polytechnic Institute where he was awarded a degree of Bachelor 
of Management Engineering. Service as Executive Officer in USS SIERRA, 
as Commanding Officer USS EPPING FOREST, and in his present assignment 
on the Staff of Commander Cruisers and Destroyers Pacific Fleet, have allowed 
him to observe the many applications of Industrial Management principles in 
story concerning Captain O’Shaughnessy. 


Captain Michael O’Shaughnessy like 
most of his contemporaries was a child 
of the Great Depression. His introduc- 
tion into the Navy had been one in 
which the practice of economy was not 
accompanied by fanfare of propagan- 
da. “Cost Consciousness,” ‘Better Man- 
agement,” “Greater Productivity” and 
the other catchy phrases of our day 
were unknown to him in those grim 
early thirties. Frugality had been such 
a routine matter that it had been the 
normal way of life. But the building 
of the sinews of defense, followed by 
the war years and the tensions of the 
early fifties had dimmed his memory of 
those days when he had scrimped and 
saved! Turning off unnecessary lights, 
screaming at the slightest steam leak, 


cajoling every man Jack to save water, 
O’Shaughnessy’s memory was hazy on 
the details of how, as a young Engineer 
Officer, he had gone to fantastic lengths 
to save enough precious oil so his ship 
could steam to sea, fire the guns, and 
return to save once more for another 
day. He had almost forgotten the pau- 
per’s pence upon which the Navy had 
operated; how he had weighed every 
expenditure of the quarterly allotment 
as carefully as his wife now debated 
whether she should invest in a steak or 
a pair of shoes for the children. The 
years had dimmed his memory but 
they had left a deep mark in his char- 
acter. He knew the value of a dollar! 

Now he faced his greatest challenge! 
Not that every step of O’Shaughnessy’s 
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career had not been a test. But this 
was a different kind. His Navy had 
been a series of ships and jobs in which 
he could personally combat any weed 
of waste as it appeared. Through lec- 
tures, example and simple administra- 
tive procedures it had not been too 
difficult to teach others the principles 
of economy. Manpower utilization, ma- 
terial conservation, and the importance 
of time in the scheme of things had 
been the subject of many talks through 
which he had influenced a parade of 
officers and men to strive for the best 
way to accomplish their mission. They 
imitated, in their Navy way, the phil- 
osophy on which America had grown 
great as she provided more things for 
more and more people. As Command- 
ing Officer of the USS. WHITE 
MOUNTAINS he had taught a repair 
ship to achieve a productivity compar- 
able to a privately owned factory. In 
time every department had been im- 
bued with those principles of Indus- 
trial Management which drove them 
to seek how to accomplish the most 
work at the least overall cost.t Later 
as Commanding Officer of the U.S.S. 
HERMITAGE he taught his crew to 
fight Communism in a daily restraint 
against spending. They had learned 
that every dollar not spent was an- 
other sword in their hands against a 
potential enemy.* But these achieve- 
ments were minor and personal ones. 
Now he was assigned to a Staff and 
~}See—Management by Exception’”—Journal 
of the American Society of Naval Engineers— 
1951—and ‘‘Captain O’Shaughnessy- 


jusinessman in Blue’”’—Journal of the Ameri- 
= Society of Naval Engineers — February 


*See “It’s Your Own Money You Are Spend- 
Institute Proceedings—November 


challenged to put his ideas into opera- 
tion on a force-wide basis; to achieve 
in a chain of repair ships scattered 
over half the globe the results he had 
demonstrated were possible in one. 
How would he start? Where would he 
end? 


The first few weeks of his new duty 
were akin to the legendary visit of 
Alice into Wonderland. Details flowed 
across his desk in an endless stream 
of letters, messages and instructions 
which threatened his sanity. As if to 
taunt him the President had issued 
an order to each Federal Department: 

“It is imperative that you emphasize 
a critical review and maximum feasible 
reduction of expenditures in areas 
which have attracted the attention and 
concern of the Congress and of the 
public as possible sources of waste, in- 
efficiencies, duplication, and exces- 
sive or non essential costs.” 

This order had been passed along by 
the Secretary of the Navy in words 
which could leave little room for doubt 
in anyone’s mind: 

“It is encumbent upon all persons in 
the military service to whom the ad- 
ministration of funds are entrusted to 
insure that such funds are judiciously, 
economically and efficiently expended. 
Commandants, commanders, com- 
manding officers and officers in charge 
will insure that: 

1, Operational and logistic require- 
ments are based upon sound program 
planning. 

2. Budget estimates and requests for 
funds include only essential require- 
ments to accomplish this mission at 
the approved level of operations. 
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3. All requests for funds are realistic- 
ally priced. 

4. Funds are administered in such a 
manner as to insure accomplishment 
of the programs or operations for 
which the funds were appropriated and 
allotted. 


5. Funds not necessary for current 
operations are returned to the allotting 
source so that savings can be realized, 
or more urgent requirements can be 
financed. 


6. All personnel are fully cognizant 
of the responsibilities attendant to the 
administration of appropriated mon- 
eys.” 

From his desk, reading through the 
mountains of paper, O’Shaughnessy 
had attempted to analyze the effec- 
tiveness of the Force’s tenders in the 
light of these directives. He knew that 
wastes were present yet couldn’t put 
his finger on them. Budgets for “Re- 
pairs to Other Vessels” funds were 
based upon last year’s performance as 
a standard. Availabilities were grant- 
ed to the destroyers in the traditional 
manner. He was convinced that all 
echelons were carefully screening work 
requests, even though he noticed that 
many jobs within the capability of 
force’s afloat had to be accomplished 
during the Navy Yard periods. Oh, 
there was a tremendous effort to 
achieve economy. Every day a letter 
told of some minor saving achieved by a 
ship. These were important as a demon- 
stration of the will to save, but they 
seemed to him to be only nibbles at the 
frosting. Somewhere a hidden but ex- 
pensive cake remained. There was 
nothing about him which didn’t follow 


the traditional Navy pattern, yet he 
couldn’t answer some very important 
questions! 

Rereading the Secretary’s directive 
O’Shaughnessy sweated as he attempt- 
ed to formulate in his mind the an- 
swers to the questions he knew full 
well would be asked by the Admiral 
tomorrow. “What planning for repair 
requirements has been made in this 
Force?” “Exactly how were the va- 
rious budgets for repairs formulated 
and how did they match the logistic 
requirements?” “What controls were 
now in effect to insure that the moneys 
were in fact well spent toward the end 
that combat readiness was assured?” 
“How are we going to know when we 
may turn in unnecessary funds to the 
allotting source?” “In plain and simple 
language, O’Shaughnessy, how much 
work are my tenders doing, and what 
is the demand for work upon them?” 

“TI notice that we have spent a consid- 
erable amount of money at shore re- 
pair activities lately! Are our tenders, 
in fact, so overloaded that they couldn’t 
have handled this work?” 

O’Shaughnessy dreaded the inevit- 
able interview for frankly he knew that 
his answers were going to be so much 
gobble de gook. The budget was based 
upon last year’s expenditures, but how 
much should they have been? So far 
as he knew the tenders were assigned, 
in numbers, according to the old tra- 
ditional concept that a tender was to 
take care of a squadron of destroyers. 


Everyone knew that such an organiza- 
tion was non existent outside of the 
submarine navy. The reputation of the 
tenders was based upon so many in- 
tangibles. True, there was a production 
index published, which compared the 
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man hours expended with the potential 
manpower in every repair department, 
(based upon the concept that every 
man could work eight hours a day). 
But there’s a vast difference between 
the time spent in doing a job, and the 
amount of work done in that time. 
O’Shaughnessy wouldn’t fall into that 
trap. He was too aware of the fact that 
employment which wastes time is a 
criminal waste of a vital resource. In 
fact his brief time in office had allowed 
him sufficient time to discover what 
some tenders were doing to bolster 
their index of production. Non produc- 
tive workers, including vital supervis- 
ors, had been reduced in an effort to 
get more hours of work into the rec- 
ords. When there wasn’t sufficient work 
to keep everyone busy there was a na- 
tural slowdown to keep the hours of 
work up to an acceptable standard. If 
only these ships were a chain of fac- 
tories! O’Shaughnessy wished, for then 
the standards would be so clearly set 
by the public that he, as a manager, 
would either see them or be drowned 
in the red ink of losses. If only his 
tenders were in the free enterprise of 
private industry! 

And with the wish came the germ of 
his solution! Not only to his immedi- 
ate problem of answering the Admiral’s 
questions but to the more important 
one of setting up a chain of efficiently 
run destroyer tenders. 

He spent the entire night reviewing 
his textbooks on Industrial Manage- 
ment, and the files of correspondence 
which related to the administration of 
the repairs to the Force. It seemed 
reasonable to him that destroyer tend- 
ers were but floating mobile counter- 
parts of the factories all over America. 
They sold repairs to destroyers on a 
job order basis just as the others sold 
to you and to me. That being so the 
principles of free enterprise must ap- 
ply to them. Violation of the laws of 
good business would result in a loss. 
Poor management, low productivity, 
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over expansion . . . any waste of time, 
manpower or materials must inevit- 
ably result in a loss of money and 
hamper realistic planning. Any or all 
would be a direct violation of the 
President’s order! 


By morning, Captain Michael 
O’Shaughnessy had found his solu- 
tions. In a conversation with the Ad- 
miral he initiated the action which 
placed the tenders of his force into the 
free enterprise system, and by doing 
so commenced to exert pressures upon 
the ships which the public places upon 
any businessman who attempts to op- 
erate a segment of industry. 

“Admiral,” he began, “you and I, 
and many before us, have been plagued 
with an inability to answer in concrete 
terms what have appeared to us to be 
legitimate and forthright questions. 
How many repair ships do I need for 
my force? In more useful terms, what 
should be the capacity of a tender to 
do work, and what should be the de- 
mand of a destroyer to have work 
done? How much should it cost to ac- 
complish that work? With my forces 
scattered throughout the world how 
can I tell which of my tenders is doing 
a good job and which is not? What 
standard could I use which, if pub- 
lished, would not become an end to it- 
self and produce artificialties which 
make the score the only goal? What we 
have been asking after reading the 
President’s order was in fact “How can 
I introduce my tenders into competi- 
tive industry and thereby gain the same 
advantages for the service as have been 
gained by the managers and the public 
who follow our economic industrial 
system of free enterprise. How can a 
government activity avoid the pitfalls 
of a totalitarian economy when its op- 
erations do not demand an account- 
ing, per se, of profit or loss to the gen- 
eral public consumer and the stock- 
holder investor?” 


Placing a chart upon the Admiral’s 
table: 
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VARIABLE COSTS 


SIMPLIFIED RELATIONSHIP OF COST TO PRICE 


FIXED COSTS 


A B 


Cc Full Capacity 


UNITS OF PRODUCT OR PRODUCTION 


O’Shaughnessy continued: “This is 
nothing new nor mysterious to you! 
It’s merely a simplified diagram of the 
relationship of cost to sales price which 
exists in any American factory. The 
businessman knows that he must make 
and sell more units of his product than 
that represented at A, otherwise he will 
be operating at a level of production 
which insures a loss and forces him out 
of business. A volume of production, 
B, is the minimum which will allow him 
to break even. An increase of output 
above that point allows him to make a 
profit, and every increase of produc- 
tion increases the margin of profit since 
unit costs become smaller. If he makes 
the only product of its kind, the sales 
price will probably be the highest 


which the public will tolerate. He will 
attempt to make as many units as the 
market place will absorb. In other 
words the public, through the laws of 
supply and demand, set both his sales 
price and his output of production. He 
controls the costs of his production. Of 
course, such a Utopia will not last for 
long. There will always be another 
alert gentleman anxious to share in 
this fountain of wealth. Another, and 
then another factory will spring up in 
competition with the first. Soon, a sales 
price will be set by a public able to 
buy one of many products of the same 
quality and utility. The laws of supply 
and demand will tend to narrow the 
profit margin, putting constant pres- 
sure upon the manufacturer to increase 
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his production or reduce his costs. The 
inefficient who cannot reduce costs to 
the industry average will be forced 
out of business by those who can.” 


“Equally important, the level of pro- 
duction always must seek to achieve 
that level which the demand justifies. 
Overproduction is punished by unsold 
merchandise and idle factories. Under- 
production results in costs which are 
inequitable with the remainder of the 
industry. Our system is based upon a 
series of checks and balances through 
which a public imposes very real and 
very obvious pressures upon managers 
who are seeking to make a profit. Costs 
are reduced, and facilities planned so 
that through the most economical em- 


$ ROV VARIABLE COSTS 


ployment of our resources more things 
are made available to the numbers who 
demand them at a price they will pay.” 


“I am sure that you will agree that 
if we could somehow blend the me- 
chanics of this free enterprise system 
with the rigid requirements of combat 
readiness our repair activities could be 
induced to strive for greater productiv- 
ity at lesser costs, and our require- 
ments for repairs as well as our ability 
to meet those requirements might be- 
come more apparent. There would not 
be a profit reward, but the efficient and 
the inefficient would stand out for our 
review. Perhaps we could guide the 
latter a bit more surely than we are 
now able to.” 


| 1. Pay and Allowances Officers and Men 


FIXED COSTS 4 2. Cost of General Mess 
3. Quarterly Maintenance Allotment Spent 
A 


MAN HOURS OF PRODUCTION 
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“Let’s assume that a tender was a 
privately owned factory. Costs of op- 
eration might well look like this:” 


The variable costs are the dollar 
values of the materials used in the 
repair of destroyers. These in fact con- 
stitute a measure of the work done, 
since similar repairs are being accom- 
plished upon destroyers by each tend- 
er. Note that I have placed a scale of 
manhours across the bottom of the 
chart. Although at present we place 
our entire reliance upon manhours as 
a measure of production, it really 
measures the effort expended in pro- 
ducing a given amount of work. In no 
sense can it be considered to be syn- 
onomous with work, as you well know 
from observation of the output of the 
various tradesmen who come to your 
house. Some are lazy, some a credit to 
their companies in the zeal they dis- 
play.” 

“The fixed costs I have displayed 
might well be considered to be the cost 
of accomplishing work. Some of them 
are necessary. Some are larger than we 
would expect to see in a civilian fac- 
tory since our factory is mobile. But 
some of these costs might prove to be 
mere waste!” 


“It seems logical to me that a repair 
ship should strive to achieve the maxi- 
mum production at the least possible 
cost consistent with her combat readi- 
ness. The absence of a sales line on 
the chart does not imply that the same 
principles we discussed before do not 
apply, but merely that there is no pub- 
lic setting a price which is obvious to 
us, and which will allow us as man- 
agers to be warned that we are oper- 
ating at a loss. Since there is no public 
to set the laws of supply and demand 
into motion, it is our responsibility to 
simulate the pressures of the man in 
the street. It is vital that we try to es- 
tablish the level of production which 
the public would set for us in the free 
market place. In brief, our management 


aim must be to so establish our Repair 
Ship Industry that only that amount of 
capacity is planned which is warranted 
by the potential demand, and that 
through our administrative procedures 
we create an incentive to achieve maxi- 
mum production at a minimum cost. 
The standards we seek must allow us 
to budget our needs with some degree 
of accuracy according to a plan, and 
thereby allow us to return funds as 
conditions change.” 


“T believe that the standards we seek 
will set themselves, and that we can 
simulate the laws of supply and de- 
mand so surely that an invisible public 
might well be applying the pressure we 
seek. Let us suppose that we published 
in competitive fashion, for each of our 
tenders the following ratios: 


1. Propuction Erricrency INDEX 

(The amount of work done com- 
pared to the cost of doing that work.) 
ROV (spent on repair of destroyers) 
Pay and allowances of Officers and 
Men 

Cost of Operating the General Mess 
Expenditures of Quarterly Main- 
tenance Allotment. 


RR 


RAR 


2. Propuctiviry INDEX 


(The amount of work done com- 
pared to the effort expended in do- 
ing it.) 

$ ROV (spent on repair of destroyers) 
Man hours spent in production. 


“In order to improve the ratios the 
Commanding Officer will have to do 
the same things which the factory 
manager seeks to do if he is to main- 
tain a satisfactory margin of profit. 
He must either increase his production 
or decrease his costs. Any attempts to 
introduce artificialties will be useless 
for we are using accountable dollars, 
already recorded in inviolable records 
as the source of our principal index. A 
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glance at the chart will demonstrate 
why these facts are so.” 


“The Commanding Officer can in- 
crease his PRODUCTION EFFICIEN- 
CY INDEX only by: 

“1. Increasing his $ ROV. This he 
may do: 


(a) By increasing the productivity 
of each man through training pro- 
grams, by better supervision, or by 
establishing some incentive system as 
a reward for work accomplished. 


(b) By reorganization of his depart- 
ments to the end that the minimum re- 
quired by sound organization principles 
are employed in the non productive 
departments, and the maximum are 
employed in the Repair Department. 
Other departments might well assume 
productive work where the particular 
skills are needed in destroyer repairs. 

(c) By adoption of sound methods 
of production analysis, scheduling and 
control to insure that time is not wast- 
ed and that work demanded is in fact 
scheduled up to the full limit of po- 
tential capacity.” 

“The index could also be increased 
by wasting materials but we could eas- 
ily spot such a procedure by investi- 
gation of any marked increase of $ROV 
which cannot be explained from the 
above steps.” 

“It is important to note, Admiral, 
that we can affect this index also, by 
any restrictive administrative pro- 
cedure which blocks a constant flow 
of work from destroyer to tender shop. 
Our present system of assigning an 
availability for every type of repair, 
and demanding that work requests are 
screened by every echelon, makes it 


impossible for a ship to get ship to shop. 


repairs accomplished as they are need- 


ed. Days are consumed in screening 
work requests, and every ship would 
have to ask for an availability almost 
every day. The obvious answer is to 
grant automatic availability for all 
ship-shop work and allow each de- 
stroyer to deal directly with the tender. 
A constant work demand will insure 
that maximum productivity is 
achieved, and at the same time serve 
to fix, for our information, the supply 
and demand of destroyer repairs.” 


“2. By reducing the fixed costs. This 
he may do: 


(a) By reducing the pay and allow- 
ances through a systematic job analy- 
sis aimed at reducing the complement 
to the lowest point consistent with 
sound organization principles. This is 
one of the objectives of the current 
Habitability studies and certainly is in 
harmony with the hue and cry for 
manpower conservation. 


(b) By elimination of waste in the 
General Mess. 


(c) By emphasis on the Material 
Conservation program, reductions in 
the Quarterly Allotment expenditures 
might be possible.” 

“The value of these indices,” 
O’Shaughnessy continued, “lies chiefly 
in the achievement they tend to stimu- 
late. By their publication they would 
allow higher authority to be aware of 
those units which are inefficient. In 
short, Admiral, you could tell who is, 
and who is not, pulling on the oars.” 


O’Shaughnessy handed the Admiral 
two sheets of paper in way of empha- 
sis. “Here are the records of our ships 
for the past few months”: 
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ComPETITIVE STANDING OF DESTROYER TENDERS 
(Cumulative since 1 July) 


Tender Standing Production Efficiency Productivity 
A 1 .065 .26/mh 
B 2 .050 .20/mh 
Cc 3 .040 .19/mh 
D 4 025 .15/mh 
E 5 015 .14/mh 
F 6 014 11/mh 


Note: These figures are ficticious. Actual figures are available upon request. 


TENDER PERFORMANCE DATA 
(Month of October) 


A B Cc D E F 


Average Number of Personnel 
(a) Officers 
(b) Men 
Average Repair Dept. 
Personnel 
(a) Officers 
(b) Men 


Production Man Hours 
Nature of Work Load 

(a) Routine 

(b) Unusual Damage 
Number of ships worked on 
Costs: 

(a) ROV 

(b) Pay and Allowances 

(c) General Mess 


(Actual figures are not listed here since 
they might disclose classified informa- 
tion in an indirect manner. They are 
available upon request.) 


(d) Quarterly Allotment Expenditures 


“It is obvious Admiral that tender 
“A” is far and away the best tender in 
the force. It represents a challenge 
for the others to equal. You will notice 
that ship “A” and ship “F” have ex- 
pended the same number of man hours. 
For the same effort ship “A” produced 
almost four times as much work. One 
of the reasons why this can be so is the 


sound production planning, scheduling 
and control system which it employs. 
Another is the incentive given to men 
to work harder, through definite re- 
wards for work well done. Her general 
mess was operated at less cost even 
though she has almost two hundred 
more men aboard. I have seen both 
messes, and can only conclude that the 
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difference must lie in the value of the 
garbage. Ship “A” feeds as well as, if 
not better than ship “F”’. 


“One last point is of interest. The 
data tends to show the supply and 
demand for tender repairs. If we con- 
tinue to collect this information for 
a period of a year, we will be able to 
demonstrate the annual requirements 
of a definite number of destroyers for 
repairs, as well as the capacity of an 
average tender to accomplish them, in 
terms of the same units, material dol- 
lars. For budget planning, several 
steps are obvious. The tables will give 
us information from which we may 
calculate: 

(a) $ ROV required during a given 
time to support a specified number of 
destroyers. 

(b) $ ROV required to support the 
activity of a given number of Repair 
personnel. 


(c) $ ROV necessary to finance the 
various types of repairs. 

For each of these, high-low budget 
data is available for us to use.” 


“The guesswork is eliminated in an- 
swering the budget questions high- 
lighted by the President’s and the Sec- 
retary’s orders. These can be our tools 


of management, which once set into 
operation, will make our Tenders a 
true counterpart of private industry, 
and place upon them the same influ- 
ences which the public exerts upon pri- 
vately owned factories. By operating 
according to the principles of our chos- 
en economic system, we can drive one 
more wedge into the argument of 
those who claim that the American way 
must step aside for a new and totali- 
tarian theory.” 

Yes Captain O’Shaughnessy your 
ideas will work! In fact your systems 
were instrumental in the return of al- 
most two million dollars of repair funds 
which were not necessary once your 
Repair Activities started to absorb the 
production you knew they could. In 
the Navy, as in all of America, maxi- 
mum productivity has always come 
from competitive enterprise. American 
talents have produced a standard of 
living and a capacity for production the 
likes of which the world has never 
seen. Our system of free economy is on 
trial before the world. You, and your 
fellow officers, have a responsibility to 
prove that in your profession too, the 
American way of life need bow to none. 
In doing so, the Navy will be a better 
place in which to serve. America will 
be a safer place in which to live. 
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The S.S. M. H. DeYoung, a new 
Liberty, was on her maiden voyage 
during the summer of 1943 from San 
Francisco to Australia, with a pre- 
cious cargo of heavy machinery. Un- 
escorted, near the equator, on a beau- 
tiful moonlight night she presented 
a welcome target to a surfaced Jap- 
anese submarine lying in the shad- 
ow of a small island. The lookout 
saw the torpedo as it sped toward his 
ship. The Master threw the switch in 
front of the helmsman for General 
Quarters. The Armed Gyard started 
shooting in the general direction of 
the torpedo. The torpedo struck amid- 
ships on the starboard side (Figure 
1). Later enough fragments of the 


torpedo with sufficient markings were 
found for the experts at Pearl to iden- 
tify the size and MK no. A bronze 
plug was also found among the frag- 
ments which bore the foundry stamp 
of one of our mid-western companies 
—part of the scrap metal purchased 
many years before. 


The engineer and fireroom watch 
were lost in the water which flooded 
the combined engine and boiler room. 
(Figure 2.) Fuel oil from the tanks 
at the aft end of this space covered 
the water. A Navy lieutenant, a Re- 
serve, was killed outright while walk- 
ing down the Upper Deck passageway. 
The door to the engine room was 
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blown off its hinges and sailed at him. 
The chief engineer was sitting up in 
his bunk. The explosion carried the 
deck and the rest of his bunk away, 
but he escaped unhurt. The wooden 


Figure 2. Looking down into the engine room of the S.S. M. H. De Young 


sides of the temporary additions to 
the superstructure for housing mil- 
itary passengers were blown off in 
almost complete units, but the occu- 
pants of the berths escaped injury. 
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Figure 1. The torpedoed S.S. M. H. De Young 
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Many of the merchant crew took to 
the life boats. It was only after con- 
tinued assurance by the Master that 
they returned. 


It was decided by high authority 
that this cargo must be saved and I 
was so instructed. It was rather for- 
tunate that the cargo contained all 
material which might be necessary 
for a salvage operation. The problem 
became one of getting available per- 
sonnel to do necessary work. I was 
advised by higher authority to weld 
several hatch beams across the hole 
made by the torpedo. However, I was 
convinced from examination of the 
ship that the gap and cracks extended 
to the garboard strake, but that the 
keel, vertical keel, one entire side, both 
sheer strakes and both stringer plates 
were intact, so I did nothing to 
strengthen the ship. I allowed for a bad 
garboard strake in my estimate of the 
situation. Docking, months later, at 
Espirito Santo revealed a crack in the 
garboard strake. 


Chief concern at first was the pos- 
sibility of faulty bulkheads fore and 
aft of the engine room (Figure 3). 
Soundings were taken twice daily and 
recorded. Sight battens were estab- 
lished to ascertain by readings each 
morning and afternoon if any major 
longitudinal deflection developed. 
These soundings indicated progressive 
flooding of No. 5 hold at approximately 
the same rate as in hold No. 4. Flood- 
ing of hold No. 4 could be attributed to 
a cracked bulkhead, but I could not 
believe that the explosion had af- 
fected the bulkheads further aft. From 
a study of all of the drawings avail- 
able, only one cause appeared and that 
was syphoning through the piping 
connected to the sounding tubes. 
Part of this piping was in the shaft 
alley. As soon as possible these pipes 
were cut and plugged. 


The first task was to pump out the 
shaft alley. To do this a passage had 


to be forced through No. 5 hold and 
a hole cut in the ships side in order 
to get at and use a pump without hav- 
ing too great a suction or too much 
pumping head. 


This operation was necessary from 
two other standpoints. The first was to 
wedge and caulk the engineroom- 
shaft alley door which was not tight 
and permitted water to enter the shaft 
alley in an increasing amount daily— 
about 2/3 of our 24-hour pumping ca- 
pacity. As a matter of fact this work 
was accomplished with about 3 ft. 
depth of water at the aft end of the 
shaft alley, a dangerous task. The 
other obvious reason was to improve 
the trim so that cargo could be trans- 
ferred to a ship alongside. 


When the DeYoung left the West 
Coast on July 29, 1943, her drafts were 
19-4” forward and 23’-4” aft. Shortly 
after the torpedoing on August 13 the 
drafts of the damaged vessel were ap- 
proximately 18’-0” forward and 28’-6” 
aft. In less than a week the draft had 
increased to 29’-6”. The ship had a list 
of 6° to port. Upon completion of the 
pumping and shifting of some weights 
the draft forward was 19’-1” and aft 
it was 27’-1”. The list had been re- 
duced to less than 1°. 


At 0728 on August 29 the empty 
S.S. Mark Hopkins, on her way back 
to San Francisco, which had been or- 
dered to come alongside and take our 
cargo, arrived. Her drafts at that time 
were 10’-8” forward and 13’-3” aft 
The two ships were lashed together 
with camels between. The main steam 
line of the Mark Hopkins was con- 
nected to that of the DeYoung by pip- 
ing and a six-foot length of 2”-flexible 
tubing between the ships. (Figure 
4.) 


The teaching of the personnel on 
the DeYoung to become winch oper- 
ators and deck hands was accomplish- 
ed by the First Mate. Merchant sea- 
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Figure 3. The engine room of the S.S. M. H. De Young as seen from the Upper Deck 
engine room door. , 


men and officers and men of the U.S. 
Navy vied with each other in oper- 
ating winches. They kept a record on 
the house bulkhead and considered it 
a game. The only damage caused by 
their operations was when the De- 
Young listed under a heavy load and 
the steam pipe from the Mark Hopkins 
pushed the fender of a jeep on deck 


downwards about 3 inches. These men 
were truly marvelous in all respects. 


Before transfer of cargo could be 
effected, technicalities stepped in. 
The winches started at 1700 on Au- 
gust 29 to remove hatch covers and 
beams. This took about an hour. Then 
the noisy ships became suddenly quiet. 
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I investigated immediately and found 
the Master and the First Mate en- 
gaged in conversation near No. 3 
hatch. The Master informed me that 
our first lift, a heavy piece of machin- 
ery, weighed about 1,600 pounds 
more than the capacity of the jumbo 
boom. This was understandable, and 
it was indeed fortunate that no lifts 
exceeded the weight of the first lift, 


Figure 4. Transferring cargo at sea. The man is walking the deck of the S.S. Mark 


Hop 


would quote pertinent parts of dis- 
patches I had received and sent and 
would state clearly that the U.S. Navy 
accepted full responsibility for this 


as the loading of this vessel was ac- 
complished by, and the unloading was 
contemplated by, good port facilities. 
The Master informed me that he could 
not, under law, permit a rated boom 
to lift a heavier load. We discussed the 
matter at length, but to no avail. 
Finally, I gave him until 0800 the next 
day to accept one of two letters which 
I would bring to his cabin. One letter 


operation and that, therefore the Mas- 
ter was fully relieved of any and all 
responsibility. The second letter would 
state that in view of the situation, as 
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of 0800 I officially took over the vessel 
for the U.S. Navy in this emergency, 
the United States then being at war. I 
signed both letters and took them to 
the Captain at the appointed time. He 
retained the second letter and I de- 
stroyed the first. Although relations 
were a bit strained at first, we parted 
as good friends. Another warm friend 
was the Master of the Mark Hopkins. 


Work was resumed at 0815. It was 
necessary to use various methods, in- 
cluding yard and stay, to lift, transfer 
and reload each item of cargo because 
the booms on each ship did not have 
sufficient outreach to plumb the 
hatches of the other. The work had 
to be planned carefully because of lack 
of space for “parking” any item. Gen- 
erally, when it came off the second 
deck of the DeYoung it had to go into 
the hold of the Mark Hopkins. When 
cargo was taken out of the hold of the 
DeYoung it went tween-decks on the 
Mark Hopkins. Everyone was efficient, 
but the handling of large heavy ob- 
jects, many of which barely passed 
through the hatch, was a slow process 
at best. The work of unloading was 
completed on September 7, except for 
some plates, shapes and piping in the 
bottom of each hold. The Mark Hop- 
kins then headed for Australia. She 
took most of the complement and pas- 
sengers of the DeYoung. The drafts 
of the two vessels as they parted were: 
M. H. DeYoung forward 17-3”, aft 
21’-3” and Mark Hopkins, forward 
12’-0”, aft 17’-2”. (See Table I.) 
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We were on our own again. The tug 
which started out to tow the De- 
Young was lost, as I recall, due to en- - 
emy action. The relief tug arrived on 
September 14. I placed Ensign L. B. 
Thomas, CEC, U.S.N.R. in charge of 
the DeYoung with enough Navy men 
to operate the diesel-electric and air 
systems. Air was used in the windlass 
and steering engine in lieu of steam. 
Hoisting the anchor was a tiresome 
procedure with a slightly inadequate 
supply of air. The rudder was also 
slow in responding. 

Arrangements were made so that all 
such activities as berthing and mess- 
ing were accomplished in the forecas- 
tle and in the poop in the event that 
the estimates of condition of the De- 
Young should be in error and the ship 
were to break in two through the en- 
gine room. One of the tasks was to re- 
secure the engine with wire rope be- 
cause the explosion had either sheared 
the foundation bolts or broken the 
pedestal. 

The U.S.S. M. H. DeYoung reached 
Espirito safely after an uneventful 
voyage. She became a floating hotel 
there. 


It might also be related that the 
record of unloading the DeYoung was 
accomplished by working around the 
clock. In those days of darkened 
ships, two Liberty ships lashed to- 
gether—the Hopkins and the De- 
Young were brightly illuminated with 
cargo lights on the masts and bridge 
structures. 
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TABLE I 


TABULATION OF DRAFTS 


U.S.S. M. H. DEYounc | U.S.S. Marx Hopkins 
F 19- 4” IF 
July 29, 1943 A 23’- 4” |A 
18’- 0” |F 
August 13, 1943 A 28’- 6” |A 
F 18’- 0” 
August 19, 1943 A 29- 6” |A 
F 19- 1” |F 10’- 8” 
August 29, 1943 A 27-1” IA 13’- 3” 
F 18’- 3” |A 0” 
August 31, 1943 A 26’- 7” IA 16’- 6” 
F 17-10” |F 8’-10” 
August 2, 1943 A 24’-10” |A 17- 9” 
F 18’- 0” |F 8’- 5” 
August 3, 1943 A 23’- 0” IA 19’- 1” 
F 18’- 3” |F 8’-11” 
August 4, 1943 A 22’- 0” |A 19’- 0” 
F 17-10” |F 10’-10” 
August 5, 1943 A 22’- 0” IA 17’-10” 
F 17’- 4” |F 11’- 6” 
August 6, 1943 A 21’- 5” |A 17’- 4” 
F 17- 3” |F 12’- 0” 
August 7, 1943 A 21’- 3” |A 
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I. FOUR-YEAR ENGINEERING PROGRAM 


Perhaps we ought to define what is 
meant by a four-year engineering pro- 
gram. Such a program accepts students 
with specific entrance requirements, 
and if they are able to complete satis- 
factorily a prescribed course of study, 
it is possible for them to graduate in 
12 academic quarters, or eight aca- 
demic semesters, or four academic 
years. This might be called “par” for 
the course. Golfers realize that a few 
break par, more approximately equal 
it, and many more aren’t quite that 


Actually, the percent of students 
finishing in four academic years at 
some engineering schools is quite 
small. However, the term is readily 
understood. 


In this country at present the great 
majority of engineering colleges op- 
erate on a four-year plan. 
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That only a small percentage of 


_those who start the course finish in 


the specified four years has been used 
as an argument for the five-year pro- 
gram; and it has been urged that if it 
takes more than four years for the 
average student to finish anyway, we 
might as well be honest and say that 
it is a 4%- or five-year plan. But as 
soon as anyone sets up a five-year 
plan, the program becomes crowded 
each year, and the slower students 
would take still longer to complete the 
work. 


Many educators, including myself, 
believe that the engineering program 
for many students should contain 
more than four years of training be- 
yond the high school level; but there 
is a question whether this more-than- 
four years should finish at the bach- 
elor’s level. At the present time, for 
example, many of the four-year 


good. 
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schools offer graduate work leading to 
the master’s degree, and some to the 
doctor’s degree. The master’s degree 
generally requires a minimum of one 
year beyond the bachelor’s degree, 
and the Ph.D. or equivalent, at least 
three years beyond the bachelor’s de- 
gree. Thus, in such schools it is pos- 
sible for a student to take any num- 
ber of years that he needs to get the 
education he wants. Also, iri some col- 
leges the advanced work may be pur- 
sued by the student who expects to 
go into the practical aspects of indus- 
try, as well as by the student who is 
training for research. 


College Analogous with Business 


For our purposes let’s consider a 
college, to some extent at least, as a 
business. Perhaps we might illustrate 
by a greatly oversimplified simile. 


A department store may have the 
most modern salesrooms, the best- 
looking and most efficient salesgirls, 
and excellent merchandise and still be 
a failure as a business. What really 
determines its success as a business 
is the ability to sell goods at a profit. 
Some stores may be staffed by men 
with vision, who see what the public 
should buy, and who can see that what 
they recommend and have in stock 
would be better in the long run than 
what the public actually buys. And 
in the end the public may realize the 
wisdom of these men in foreseeing the 
demand. But this is of little conse- 
quence to the company if it has gone 
bankrupt in the meantime. The lesson 
may be appreciated, of course, by oth- 
er stores. 


Fortunately, engineering college ad- 
ministrators are a sensible group of 
people who keep their feet on the 
ground remarkably well. There are a 
few colleges with new approaches to 
the traming of engineers. I am per- 
sonally very strongly in favor of such 
programs, and believe that they should 
be encouraged by engineering educa- 


tors and by industry. Some of them 
may be outstanding successes, some 
only so-so, and others outright fail- 
ures. We all ought to profit from the 
results. But the large majority of en- 
gineering colleges cannot be of an ex- 
perimental nature—too much depends 
on the output; and, until something 
more satisfactory is developed, most 
colleges must stay with a system 
which has been demonstrated over the 
years to be reasonably satisfactory. 
Of course, this does not mean that 
changes in courses, or curricula con- 
tent, or methods of instruction can- 
not be modified or changed complete- 
ly. Such changes are frequently de- 
sirable and even necessary. Certainly, 
at the present time major improve- 
ments are called for in the curricula of 
several engineering departments, but 
within the scope of the customary 
length of four years. 


Of course, it would be disastrous to 
have all colleges tend towards a dull 
uniformity in curricula—and there ac- 
tually is a tendency in this direction. 
On the other hand, there is an awak- 
ening of the realization of some stag- 
nation, and efforts to change this are 
being made. 


Also, it might be argued that col- 
leges are not a business, and thus 
business criteria cannot be used. But 
that really is just a matter of definition. 
If the student studying in a college 
acquires the ability to think clearly 
and can, and will, apply his knowledge 
of the fundamentals of engineering 
and other subjects in a satisfactory 
manner, technically and morally the 
college will have been successful, and 
its product can be sold. If, however, 
the student acquires a distorted sense 
of values and has not been tested in- 
tellectually at a reasonable level, it 
might be difficult to convince industry 
that they want him—especially if 
something more to their liking is read- 
ily available. There are such institu- 
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tions, but to my knowledge, fortu- 
nately not in engineering. 


Thus, as I see the picture, there 
ought to be a few colleges where the 
approach may be quite different than 
in the others. These more or less ex- 
perimental colleges might have longer 
or shorter curricula than the conven- 
tional ones, may teach from a totally 
different viewpoint, may emphasize 
more fundamental and less practical 
subjects or vice versa, may stress more 
of the pure science and less of the en- 
gineering phases, and so on. Some of 
the experiments will be failures, and 
others complete or partial successes. 
Because of the natural desire to be on 
a winning ticket, other colleges would 
tend to emulate the successes, and thus 
change can come about. But there 
will probably be several successful 
experiments, thus tending to elimi- 
nate the trend towards complete uni- 
formity. 


Emphasis on the Fundamentals 


It is evident that, because of the 
increasing complexity of engineering 
devices and rapid advance in science, 
future engineers will have to be bet- 
ter trained to handle the more diffi- 
cult engineering problems that will be 
assigned to them. Thus, it is my con- 
viction that more and more engineers 
will spend more than four years in 
college; but again I should ask: “Does 
this mean at the bachelor’s level?” It 
seems to me that there is sufficient 
flexibility in the four-year program 
to permit the study of advanced engi- 
neering at the graduate level. 


The changes that have taken place 
in our society during the past 50 years 
have been such as to decrease the age 
at which a man retires and to increase 
the age at which he starts productive 
employment; this in turn means a 
constantly decreasing period that he is 
productive in industry, Industrialists 
recognize that the sooner the engineer 
can be made available to them, the 
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more productive life he can offer them. 
Because much of the technique used 
can be obtained in industry at least — 
as well as in college, there is a grow- 
ing feeling that engineering colleges 
should stick to the so-called funda- 
mentals and leave the applied mate- 
rial to industry. 


We realize that everyone’s idea 
about the meaning of the fundamen- 
tals is different. Nevertheless, the 
broad picture is clear. Many applied 
courses taught in engineering colleges 
are not in themselves actually used 
by the engineer in practice but un- 
doubtedly help in his training. 

Although it does seem as if some 
progress can be made in eliminating 
applied courses, this can’t be carried 
too far. After all, there is a distinction 
between an engineer and a physicist 
—a distinction that lies to some ex- 
tent in the engineer’s training in eco- 
nomic design, production, and con- 
struction. 


Some steps in the direction of 
streamlining pr can be achieved 
by the elimination of duplication. For 
example, in the physics course that 
most engineers take there are several 
sections including heat, optics, elec- 
tricity and magnetism, statics, and 
others. Some schools think there is 
needless duplication in having elec- 
tricity and magnetism taught in the 
physics department and then re- 
peated, with somewhat different em- 
phasis and perhaps different symbols 
in the electrical engineering depart- 


ment. 


Similar comments have been made 
regarding the duplication of the 
teaching of heat in physics, and ther- 
modynamics and heat transfer in me- 
chanical engineering or in chemical 
engineering. Duplication is also evi- 
dent in the teaching of statics in 
physics and later in theoretical and 
applied mechanics. Of course, repeti- 
tion may be necessary to ensure that 
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the student really understands and 
retains the subject matter. 


Planning with High Schools 


To me another profitable prospect 
for conserving the time of the stu- 
dents would be to make an analysis 
of the complete program from the be- 
ginning of high school through the 
four-year engineering college pro- 
gram. Since engineering colleges get a 
very small percentage of high school 
graduates, the problem would not 
be too easy for the many small high 
schools in rural areas. But some prog- 
ress can be made. Some steps already 
taken in this direction show a distinct 
possibility of saving time if proper co- 
ordination could be obtained. Some 
states have made definite efforts to im- 
prove the situation; it is my opinion 
that in the long run this will be neces- 
sary if we are seriously to consider the 
welfare of the student and the cost of 
education to the individual, to society, 
and to the state. 


Social Humanities 


A strong argument for increasing 
the length of the engineering program 
is to broaden the engineer’s viewpoint 
of civic, national, and international 
affairs so that he may more actively 
participate in such activities. After 
watching the progress of many under- 
graduates in college, I question wheth- 
er undergraduates below the junior 
level are mentally and emotionally 
prepared for a serious consideration 
of many of the social humanities. In 
my opinion a graduate student is more 
likely to be interested in the social 
humanities than the undergraduate 
engineering student. It takes maturity 
to develop that interest. Thus an al- 
ternate suggestion having considerable 
merit is to offer additional social hu- 
manity subjects after the student has 
graduated in engineering. At least one 
college is proposing this seriously. Of 
course, during the undergraduate pe- 


riod the student would also have to 
take some of these social humanities. 


With the present scarcity of engi- 
neers and scientists, this is probably 
an unwise time to increase the length 
of the average engineer’s formal 
training. It is quite possible that if 
we had teachers with the proper view- 
point and breadth of training, they 
could interject social humanities at the 
same time they are teaching techni- 
cal subjects. If that were done, I be- 
lieve the undergraduate engineer 
would be more receptive of the va- 
rious humanities to which he is ex- 
posed. But such teachers are not too 
plentiful. 


As time goes on I am convinced that 
professional engineers will require a 
higher degree of technical training 
and greater knowledge of physics and 
chemistry than are now ordinarily re- 
quired for a BS in engineering. In ad- 
dition, I am convinced the engineer 
should not only take a specified num- 
ber of courses in the social humanities, 
but he should also have a greater ap- 
preciation of what the teachers of 
those subjects are trying to do. At the 
moment, there is a question whether 
the average undergraduate really does 
appreciate them. Where outstanding 
teachers are available, there is con- 
siderable stimulation to the student, 
but this situation is not universal. 


Attaining Professional Level 


The engineer should not stop his 
training at the bachelor level if he ex- 
pects to go into the higher branches 
of technical achievement. Among 
those higher branches we might con- 
sider engineers engaged in design, re- 
search, college teaching, consulting 
work, and a few other categories; but 
it should be remembered that far 
more engineers are used in positions 
that do not require a knowledge of the 
more advanced phases of engineering. 
Thus, unless the engineer’s objectives 
are changed, a fairly large percentage 
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of engineers will limit their training 
to a four-year period. Those who are 
scientifically able and so inclined 
should carry on to graduate degrees 
and should be encouraged to do so, 
even though this might sometimes in- 
volv+: subsidization through scholar- 
ships or fellowships. 


Nor should the training of the engi- 
neer stop when he gets to industry— 
to industry falls the responsibility of 
continuing the engineer’s training so 
that he can become the real profes- 
sional that he is not at graduation. 
Some 200 companies in this country 
have training programs, and the num- 
ber is increasing rather rapidly. 


Technical Institutes 


Because of the increasing amount of 
subprofessional work now being done 
by engineers, a proper screening of the 
utilization of engineers is definitely 
in order. Many engineers in industry 
are presently engaged in work that 
could be done by a technician. In my 
opinion this percentage is larger than 
most people realize, creating a cry- 
ing need for more technical institutes 
to train those men who do not expect 
to become professional engineers. If 
such men were now available in suffi- 
cient quantities, I believe that there 


would not now be a scarcity of engi-- 


neers, although there would still be a 
serious need for very competent en- 
gineers to handle the difficult engi- 
neering problems that confront indus- 


Industry has the responsibility of 
utilizing the engineer to his maximum 
effectiveness and ability. It is quite 
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possible that to achieve this end en- 
gineering colleges may have to de- 
velop more work of the graduate na- — 
ture in the engineering extension 
services throughout the country. A 
good start on this has been made, but 
a large amount still has to be done. 
New Approaches 
Engineering education in this coun- 
try is in a state of flux: several new 
approaches to the teaching of engi- 
neering are being proposed, and some 
are under way. I am heartily in favor 
of new or different methods and tech- 
niques, and I’m encouraging them in 
my own college. But a change away 
from the traditional four years for the 
average undergraduate engineer 
would require more convincing argu- 
ments than have yet been put forth. 


For the better students or for those 
who expect to go into the higher 
branches of engineering, additional 
time can and should be spent at col- 
lege, either at the graduate level or 
in study of nontechnical subjects. The 
present needs of the country are for 
more technicians who can handle 
some of the subprofessional work of 
the engineer, for the large majority of 
engineers to be trained in four-year 
undergraduate programs, and for a 
growing percentage of engineers to 
go into the more complex phases of 
engineering, trained at the graduate 
level. 


Also, steps should be taken to 
achieve closer co-ordination in the 
eight years of high school and college 
with the thought of better utilization 
of the time. 


Il. FIVE-YEAR ENGINEERING PROGRAM 


In 1938, Cornell undertook an in- 
novation in undergraduate engineer- 
ing education by adopting an inte- 
grated five-year program leading to a 
first degree. This program began in 


chemical engineering only, by six 
years later the engineering faculty 
voted to extend it to all branches of 
the profession, that offered under- 
graduate curricula. Prior to 1938 
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some schools offered combinations of 
liberal arts and engineering, often 
leading to two degrees; but in these 
programs the engineering content was 
not more advanced than in four-year 
curricula. Optional five-year pro- 
grams leading to a professional de- 
gree were taken by a few students, the 
great majority, however, electing the 
shorter programs. 


Weaknesses of the Four-Year Program 


The main reason for the adoption of 
this program at Cornell was one grow- 
ing increasingly more evident: The 
current four-year programs in engi- 
neering were not adequate in our 
opinion to provide the professional ed- 
ucation required of the new genera- 
tion of practitioners in the expanding 
field of engineering technology. A 
number of industrial companies whose 
businesses depended on good engi- 
neering put into operation technical 
training programs calculated to ele- 
vate the level of engineering education 
of its technical staff. 


These were not aimed at the re- 
search staff alone but were applied to 
the entire engineering force. Compa- 
nies that tried them concluded that 
such programs pay off—in benefits 
both to the individuals and to the com- 
pany. The fact that industries engage 
in basic technical education indicates 
to educators the inadequacy in the 
typica] college engineering program. 


Different ways to strengthen the 
educational program were reviewed. 
The obvious one—involving a BS af- 
ter four years and an MS after a fifth 
year—was considered. Every engi- 
neering student could not be com- 
pelled to take the needed fifth year— 
and four years was not enough. 


But inherently, another weakness 
existed that would be less apparent 
to the entering student or to most par- 
ents. Four-year programs are design- 
ed to terminate in four years. The 


amount of basic science and mathe- 
matics is thus limited; this in turn 
limits the nature and depth of the sub- 
jects that can be taught in the last 
two years. If the subjects that could 
not be covered in the four-year pro- 
gram were added in a fifth year of 
graduate work, the scientific and 
mathematical foundation would not be 
strong enough to support the level of 
these subjects. Another year would be 
required to provide the sequence nec- 
essary for both prerequisites and ad- 
vanced courses—the reason why the 
master’s degree usually cannot be 
earned before the end of the sixth year 
in the stronger schools. A program of 
desired strength involving two degrees 
could not therefore be given short of 
six years, unless the whole operaticn 
could be integrated and streamlined in 
the interest of saving the student’s 
time. 


Program Possibilities 


The plan commonly referred to as 
the “three-and-two” program—three 
years in liberal arts (including math- 
ematics, physics, and chemistry) fol- 
lowed by the last two years of a four- 
year engineering program—was an- 
other possibility. The engineering con- 
tent is no different in the last two 
years than in the four-year program; 
and three yvars are used in present- 
ing the work normally given in the 
first two years in engineering. lf the 
work is divided between two institu- 
tions, such a plan puts the basic train- 
ing in the liberal arts school where 
frequently it is better taught but 
where motivation towards engineer- 
ing and engineering methods is likely 
to be lacking. Further, advanced- 
level engineering-science preparation 
cannot be set up in the liberal arts 
college in this pattern without special- 
ly designed curricula. 


Still another advocated plan is to 
make all engineering a graduate pro- 
gram. Its many admirable features in- 
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clude the maturity of the student, the 
broader general educational back- 
ground, and the natural elimination of 
the indifferent or incapable student. 
Such a radical departure is not feasible 
at present, however, because it’s too 
costly in both the student’s time and 
money. Moreover, any student who 
wants this program can follow it un- 
der present curricula. But the profes- 
sion has not yet arrived at the point 
where such an educational pattern 
may be required of all engineers. 

Affecting a choice of educational 
pattern at Cornell was the necessity 
of preserving a broad background in 
the arts and humanities. If such edu- 
cation is to be effective, it must be 
gaged to the advancing maturity of the 
student. It is not appropriate, for ex- 
ample, to give a course in banking or 
labor relations to freshmen or sopho- 
mores who have not had an adequate 
preparation in economics or psychol- 
ogy. To us this precluded an effective 
two-year pre-engineering course fol- 
lowed by technical work. It indicated, 
instead, a sequence of courses that 
could be given with due regard to 
prerequisite subjects and to the grow- 
ing ability and experience of the stu- 
dent. 


Broad vs. Specific Training 

Why not give a more specialized 
program in the last two years, thus 
making room for growing require- 
ments at the basic level? This is the 
“option” system followed now by so 
many schools. In electrical engineer- 
ing, for example, one would select 
either the power, electronic communi- 
cations, or illumination option. Again, 
our faculty was unable to accept such 
a pattern: experience told them that 
no junior could say with certainty he 
was going to devote his professional 
life to any one of these fields, and they 
were convinced that these options 
strengthened each other if taken to- 
gether in producing a well-rounded 
education for an electrical engineer. 


Permeating the entire atmosphere of 
the faculty’s consideration was the 
conviction that engineering education . 
should consist of thorough mastery of 
a broad range of principles rather than 
training in specific types of computing 
and formula application. The student 
in college today will reach his prime 
20 years after graduation; surely by 
that time many of the problem-solv- 
ing and handbook techniques will be 
obsolete. The only certain sustaining 
potential in technical education there- 
fore lies in a thorough grounding in 
the sciences— both basic and applied. 


The Five-Year Program Evolved 


Thus the faculty concluded that for 
a sound professional engineering pro- 
gram in which both a strong technical 
content and general education back- 
ground would be maintained the cur- 
riculum would have to be lengthened 
to five years in such a way as to pre- 
serve maximum educational effective- 
ness and minimum expenditure of 
time for the student. Two parallel 
stems were thus set up—one techni- 
cal, the other nontechnical—and each 
of these was carried through the five 
years. 


Some surprising results came from 
the streamlining of the curricula: Un- 
desirable overlaps inherent in four- 
year programs because of restrictions 
on sequence of courses were elim- 
inated with a saving in time. And the 
sequential arrangements improved the 
pedagogical character of subject pre- 
sentation. An extension of both tech- 
nical and nontechnical content was 
thus possible. 

An engineering curriculum is divis- 
ible into four main parts... 

Basic sciences—chemistry, phys- 
ics, mathematics, biology, and oth- 
ers. 


Applied sciences—thermodynam- 
ics, fluid mechanics, electric circuit 
theory, mechanics, properties of 


490 


WHAT’S AHEAD IN ENGINEERING EDUCATION? 


materials, electronic theory, and 
others. 


Engineering applications—radio, 
servo - mechanism, high - voltage 
techniques, machine and structural 
design, and others. 


Nontechnical courses — English, 
economics, public speaking, history, 
languages, and others. 


Curricula of different colleges em- 
phasize these four components in va- 
rying degrees and widely varying 
depths. In the training of engineers for 
the future technology, emphasis on 
basic and applied sciences is essential. 
At Cornell basic science extends 
through the first two years, with cal- 
culus available in increasing degree. 
All students get some physical chemis- 
try, and most get organic chemistry. 
Dynamics is taught using vector an- 
alysis and differential equations. 
Mathematics at this level is also avail- 
able for fluid mechanics and thermo- 
dynamics, studied by students in all 
curricula. Likewise, nearly all stu- 
dents take work in electronic tubes 
and circuits. The main point is that 
usually the fundamental background 
in the basic and applied science field is 
in all curricula, occupying most of the 
time in the first three years. This rec- 
ognizes that the principles behind dif- 
ferent branches of engineering are 
much the same; and broad, solid 
training in them increases the ability 
of the engineer to work on problems 
overlapping and interlocking among 
various fields. 


Functions of the Engineer 


It is not possible to write a job 
classification for an engineer in the 
same way that it would be for a spe- 
cific craft function; he deals primarily 
in ideas, and his job is to take certain 
ideas and bring them into effective 
form so that others may accurately 
produce a useful structure, machine, 
or process. In this respect engineers’ 


ideas differ from those of men in other 
fields— they are based on physical sci- 
ences and mathematics, and must meet 
certain functional and economic re- 
quirements in a manner that main- 
tains safety to life and property. The 
function of the engineer is essentially 
the initiation and prosecution of a de- 
tailed conceptual process, followed out 
with such precision that when the op- 
eration is begun the performance will 
be in accordance with forecasts, both 
technically and economically. Some 
call this integrated conceptual process 
design; others call it development. 
Whatever the name, it’s the heart of 
the engineer’s function. 


Building a curriculum to enhance 
creative imagination is necessary to 
develop a truly professional engineer, 
one who can “engineer” structures, 
machines, systems, or processes into 
existence. But the necessary ingre- 
dient is not so much the title or sub- 
ject matter of a course as it is that 
quality of the staff that vitalizes and 
inspires the student. The beginning 
mzy be made in freshman drawing 
where routine drafting techniques are 
abandoned in considerable measure 
for spatial visualization, followed by 
problems requiring projections of vis- 
ualization or creativity. Problem 
courses throughout the curriculum 
may be so slanted that each solution 
can be thought of as a method of at- 
tack and a process of synthesis lean- 
ing upon previous basic knowledge. 


In some schools of architecture 
there is no course in drafting as such. 
The student acquires this during a 
course in design in the same manner 
that slide-rule techniques are learned 
during computations of problems in 
engineering courses. Also in architec- 
ture there is a sequence of design 
throughout the full curriculum. 


Faculty Requirements 


A curriculum with such objectives 
requires a faculty with qualities be- 
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yond those of routine training and 
methods beyond those of repetition. 
It must be an inspired and inspiring 
faculty who believe in the great future 
need for strongly trained professional 
men, mentally vigorous and capable 
of stimulating the students’ best ef- 
forts. It requires balance and blend- 
ing between scientific attainment and 
practical engineering experience. 


Clearly, it would be a mistake for 
all schools to undertake immediately 
a more advanced educational program 
of this type. Only those equipped with 
the necessary staff and facilities and 
having experience in high-level en- 
gineering and science training should 
undertake it. After watching the per- 
formance of the graduates in the field 
it is equally clear however that such a 
program fills a widening need in the 
profession—a need that in time will 
require schools intent on supplying 
men of high engineering ability to 
adopt advanced undergraduate pro- 
grams. 


Frequently we hear that four years 
is as long a time as can be spent in 
obtaining an engineering education. 
This all depends on what kind of an 
aducation one wants, and whether 25 
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years from now it will meet the needs 
of a man dealing with the problems 
of our rapidly expanding technology. 


Future Educational Programs 


Education is an investment in the 
future. One invests well or poorly and 
reaps the corresponding harvest. Med- 
icine, law, and architecture have had 
to extend their training beyond four 
years to meet professional needs. In 
1852, Cornell initiated the move to 
lengthen the architectural training 
program to five years; now all accred- 
ited schools are on this type of pro- 
gram. It is believed that perhaps over 
a 25-year period a group of the leading 
engineering schools will lengthen and 
strengthen their programs. Still there 
will be a need for the four-year 
schools where emphasis would be 
more on operation and maintenance 
functions than would be true in the 
more professional schools. 


The guiding element in the educa- 
tional growth is the profession’s needs 
—that in the engineering schools must 
be judged not in the terms of the 
present but with a sensitive aware- 
ness of the expanding professional re- 
quirements over the quarter-century 
ahead. 


UNIFIED ENGINEERING CURRICULUM 


The engineering baccalaureate pro- 
gram is a part of the training and edu- 
cation of the professional engineer that 
begins in high school and continues for 
a period of years after the award of 
the bachelor’s degree. 


Considerable evidence has been pre- 
sented that leads to the conclusion that 
specialization in engineering can be 
postponed until after the completion 
of the undergraduate curriculum be- 
ginning with an internship program 
in industry or through a carefully 
planned professional graduate pro- 


gram. 


A unified undergraduate program 
has been found to be adequate for em- 
ployment in both the large company 
that often provides the opportunity 
for on-the-job specialized training 
and the small company where the 
young employee is asked to solve a 
great variety of problems for which 
a broad basic training is necessary. 


Fundamental Background 


The essential task that faces the stu- 
dent in an undergraduate engineering 
curriculum is to prepare himself to 
handle specific elementary problems 
immediately upon graduation and to 
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Taste I. 


ConrTENT OF AN ENGINEERING CURRICULUM 
Division by bases and their application 


1. Physical sciences 
Chemistry and physics 
Geology (Insofar us it is not descriptive but represents an extension of chemistry 
and physics) 
Content 
Ideal systems, experimental basis of science, and symbolic description of 
phenomena 
Observation and description (verbal and symbolic) of physical phenomena 
Properties of substances and materials 
Concept of matter and energy; conservation and transformation principles 
Experimental method—miensuration 
Problem solving 
2. Biological sciences 
Physiology, psychology, bacteriology, biology, biochemistry 
Content 
See (1) above 
3. Languages of communication 
Native tongue 
Foreign tongue 
Symbolic (arithmetic, algebra, calculus, and others) 
Pictorial (graphics) 
4. Properties of materials and their sources 
5. Application to components of engineering systems, that is, the engineering sciences 


Division by force field 


oral and written 


6. Methodology 
a of reasoning—logical processes; inductive, deductive, analogy 
es: 
Mechanical (utilizing all physical laws except 2d and 3d laws of thermo- 
dynamics) 
Thermodynamic (introducing 2d and 3d laws) 
Humanic (introducing man) 
Economic (introducing cost) 
Analysis and synthesis | 
Evaluation and maximization 
Experimental and analytical bases ' 
7. Application to engineering systems 
Structures 


Or combinations thereof 
Utilize techniques of systems analysis (operations analysis) , that is, synthesis 
8. Professional engineering 
Engineering as an art supplemented by engineering as a science 
Ethical, moral, and aesthetic content 
Industrial functions 
Design 
Development 
Research and others 
9. General education 
Socio-humanistic 
Literature and history as past solutions to man’s problems 
Impact of technology on society 
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Mechanical—fiuids, solids 
Electrical 
Magnetic 
Thermal 
Mac 
Proc 
Circe 
Eart 
|_| 
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have acquired the background to pro- 
ceed most expeditiously in the direc- 
tion that his employment opportunity 
presents. The former can be provided 
by several courses in the senior year 
that serve to introduce the student to 
the language, the status of knowledge, 
the state of the art, and specific appli- 
cations of the general methodology in 
a branch, or specialty of the various 
engineering fields. The acquisition of 
the engineering methodology can be 
accomplished through a strong unified 
educational program that includes the 
discipline common to the different 
branches of engineering. 


The present engineering curricula, 
as well as the professional activities 
of the engineer, must be studied to de- 
termine the common disciplines and 
to establish the differentiating char- 
acteristics, if any, of the several 
branches of engineering. I tentatively 
conclude that the difference between 
the activities in the several branches 
of engineering rests only on the differ- 
ent engineering systems normally in- 


cluded in the separate branches. 


Differences of technical language 
and nomenclature have developed 
around the several systems that can 
be generally classified as structures, 
machines, circuits, processes, earth, 
and combinations thereof. These dif- 
ferences of language and nomencla- 
ture should be continuously reduced 
or eliminated. The unified curriculum 
will aid in this process. In addition, 
the state of the art differs not only for 
each system but may differ greatly 
with respect to the several members of 
a given class (say the low-speed re- 
ciprocating steam engine in contradis- 
tinction to the gas turbine or the jet 
engine). The unified curriculum can 
contribute somewhat to the education 
of the student in the art; however, it 
is the considered judgment of many 
educators that this segment of the pro- 
fessional engineer’s training can be 


accomplished more effectively by in- 
dustry as a part of the industrial ex- 
perience of the engineer. 


Content of Curriculum 


The outline, Table I, may lead to the 
formulation of the essential and com- 
mon disciplines of professional engi- 
neering. It reveals a division of the 
engineering curriculum in accordance 
with the bases, the physical and bio- 
logical sciences, and their applications 
to engineering. The outline is not pre- 
sented in terms of subject material but 
rather in terms of the framework of 
science and of engineering. 


The study of the present curricula 
in terms of this outline, as well as in 
terms of an outline based on subject 
material, will greatly illuminate the 
present state of engineering educa- 
tion. The unified curriculum has been 
developed with the content in mind 
as presented in the outline. 


A cardinal principle of the effect- 
ive utilization of knowledge is the re- 
casting of segments thereof into other 
immediately useful subdivisions. To 
place the entire responsibility of re- 
casting knowledge upon the student 
or the engineer-in-training proves to 
be an excessive burden. The formula- 
tion, generalization, and integration 
of fragments of knowledge as made 
available either through scholarly 
work in the university and college or 
in the industry is one function of the 
engineering faculty. 


In a new curriculum the content of 
all courses should eventually be 
changed. These changes can be ef- 
fected slowly. For instance, strength 
of materials (the mechanics of ma- 
terials) and analytic mechanics have 
been combined reminiscent of an 
earlier day. An attempt is also being 
made to place mechanics on an exper- 
imental experience basis and to reduce 
the present emphasis on “problem 
solving.” The mechanics of fluids and 
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solids are presented more intimately 
than is possible if their segregation 
in different teaching units exists. 
Heat-power illustrations of thermo- 
dynamics have given way to the pre- 
sentation of thermodynamics with em- 
phasis on the mode of reasoning in- 
troduced with the second law. The 
techniques of circuit analysis are ap- 
plied to systems other than electrical. 


Considerable attention is being giv- 
en to the continuity of student expe- 
riences, thus no time gap exists be- 
tween the instruction in mechanics in 
the physics courses and the introduc- 
tory course in mechanics as adminis- 
tered in engineering. 


Several experimental additions are 
being made to the engineering cur- 
riculum. The base upon which engi- 
neering instruction is being built is 
being extended to include the life sci- 
ences as well as the physical sciences, 
particularly physiology and psychol- 
ogy. A one-year course in biotechnol- 
ogy is available in which the laws of 
physics, chemistry, and biology are ap- 
plied to man, and the interaction of 
man with the environment created by 
the engineering system (machine, 
process, circuit, structure) is studied. 
Thus the engineering student will be 
partially grounded in the behavior of 
animates, particularly man, as well as 
in the behavior of inanimate objects 
and systems. 


These biotechnologic course experi- 
ences are, and must be, followed by 
their application in subsequent stu- 
dent activities and courses. Knowl- 
edge of the basic considerations rela- 
tive to man provides a setting that in- 
creases the meaningfulness of latter 
courses and experiences that revolve 
around supervision, management, la- 
bor relations, and sales problems. 


A one-year course in the statistics 
of engineering has been introduced as 
an elective. Most engineering students 


complete this course which allows the 
analysis of systems not amenable to 
those techniques included in the or- 
thodox courses in mathematics. It is 
to be noted that this course is not an 
introductory course in statistics, nor 
is it a problem-solving experience. 
The background acquired by the stu- 
dent leads to the graduate operations- 
analysis offering in which typical en- 
gineering systems are analyzed and 
synthesized. 


Engineering works are wrought in 
materials. The properties and uses of 
materials receive concentrated atten- 
tion. The several materials are stud- 
ied; their properties are observed sep- 
arately and in place. That is, the me- 
chanical, electrical, magnetic, thermal, 
and other properties are brought into 
focus and then their interrelations 
noted. Again the properties and be- 
havior of living tissue and bones are 
presented together with those of the 
usual “engineering” materials. 
Analytic and Experimental Approach 


Solutions of engineering problems 
are found through the use of analytic 
methods (derivations and calcula- 
tions) or the use of experimental 
methods, or the judicious use of both. 
The student must be capable in the 
experimental method upon graduation. 
The parallel learning of the two meth- 
ods (analytic and experimental) by 
the student is important. 


The laboratory exercises then be- 
come more than demonstrations of the 
behavior of physical, chemical, and 
engineering systems; they become a 
workshop in the applications of the 
methodology of experimental solution. 
In brief, the experimental basis of en- 
gineering is brought into relief. The 
laboratory course activity also in- 
cludes experiences in management, 
communication, and semantics. 


The laboratory courses will provide 
experiences in mensuration and instru- 
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mentation, properties of materials, 
unit operations, and engineering sys- 
tems, with the major emphasis on each 
of the subdivisions noted above in the 
freshman, sophomore, junior, and 
senior years respectively, but with 
each of the four subdivisions being 
represented in the other three years. 


The term unit operation implies ex- 
periment stations describing a parti- 
cular physical- or bio-phenomenon— 
for instance, flow of a fluid through a 
channel or over a surface; behavior of 
a circuit containing inductors, cap- 
acitors, and resistors; or absorption, 
transmission, and reflection of radiant 
energy. On the other hand, the en- 
gineering systems will be complete 
replicas (models or prototypes) of 
actual industrial systems. Complete 
power plants (steam and diesel), a 


production system in which a small 


pulley is produced, an irrigation sys- 
tem, a sewage reclamation plant, and 
a radio station are listed as examples 
of engineering system already avail- 
able or in the planning and construc- 
tion stage. 


The production system will be illus- 
trated. Strap iron and bar stock are 
subjected to a cutting and punching 
operation (punch press) and to a turn- 
ing, cutting, and drilling operation 
(automatic tool) respectively; as- 
sembly is accomplished and the parts 
are brazed together, forming the 
pulley. The accuracy of the product 
is established through the use of ap- 
propriate gages, and manufacturing 
tolerances are met. An economic 
analysis is made of the process and an- 
other is proposed and subjected to eco- 
nomic scrutiny by each student group. 


Other Unifying Courses 


Several other unifying courses will 
be introduced in the senior year at an 
early date. The first will include a dis- 


cussion of natural resources, their 
availability, depletion or accretion 
rates, and the associated processes. 
The resources considered are air, soil, 
water, minerals, sea, plants, and ani- 
mals (excluding man who is presented 
in the earlier courses). The second 
will be a course in system engineer- 
ing that will be taught by the case 
method and in which the synthesis of 
components and the maximization of 
a production ( or construction) se- 
quence will be illustrated. In this 
course the student will obtain his first 
glimpse of the activities of a profes- 
sional engineer. A course in modern 
physics that will be required of all 
seniors and that will replace in unit 
value certain of the freshman-sopho- 
more physics course material is also in 
the planning stage. 


Many more details could be given 
relative to the teaching methods em- 
ployed, recasting of courses, and fu- 
ture plans, but these will be omitted. 


The extensive engineering corre- 
spondence and engineering extension 
activities, as well as graduate work, 
are planned to bring the materials of 
an engineering education to the en- 
gineer-in-training and the profes- 
sional engineer employed in the in- 
dustry. Many of the courses are de- 
signed specifically to meet the needs of 
the engineer in industry, and the in- 
structors more often than not are ex- 
perienced professional engineers. 


The graduate program leading to the 
MS and PhD degrees consists of 
courses on and near the campus, both 
day and evening, as well as work lead- 
ing to the MS degree at two off- 
campus stations located at Inyokern 
and San Diego. Again, a segment of 
this program is designed for the em- 
ployed engineer. Upgrading through 
engineering education is a conservator 
of technical manpower. 
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ABSTRACT 


Schlichting’s findings on the drag 
characteristics of rough surfaces, pre- 
dicting constant terminal drag coeffi- 
cients have not been found confirmed 
on certain kinds of rough surfaces, es- 
pecially in the field of shipbuilding. 


This paper analyzes available experi- 
mental material and comes up with the 
roughness density as the main param- 
eter through which existing discrepan- 
cies can be resolved. 


CONSTANT DRAG COEFFICIENTS 


Since Nikuradse’s experiments on 
rough pipes (1) and Prandtl-Schlich- 
ting’s work (2) on rough surfaces, the 
skin-friction drag due to sand rough- 
ness is fairly well known. The essential 
feature of this drag is that the non- 
dimensional coefficient C, = D/qSye: 
assumes a constant level above certain 
“critical” Reynolds numbers which 
shall be called “terminal.” These num- 
bers and the level values are an ex- 


perimentally known function of the 
grain-size ratio k/f, where’ =length of 
the considered surface. This law has 
also been found applicable to certain 
dull-painted surfaces (3) and on slen- 
der wing sections (4a) and bodies (4b). 


In a second paper (5), Schlichting 
has presented further experimental 
data, this time dealing with roughness 
elements whose shape and concentra- 
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tion are different from the previously 
investigated sand roughness. The re- 
sults, which are established only for a 
very small Reynolds-number range, 
are presented in the form of drag co- 
efficients and equivalent sand-rough- 
ness ratios; that is k,/k, indicating that 
the respective kind of roughness (with 
height or diameter k) has the same 
drag coefficient as a sand roughness 
with grain diameter k,. Doing this, 
Schlichting had evidence that he had 
passed in his experiments the terminal 
transition range (from smooth-turbu- 
lent to roughness flow of the boundary 
layer) ; the constancy of the coefficients 
was, however, rather assumed (in 
analogy to that of sand roughness) 
than established. 


Figure 1 shows Schlichting’s and 
other (6) findings plotted against the 
density ratio 

— =(k*) 
Swet 


As the density is reduced from 


o = 100%, drag coefficient and “equiv- 
alent sand-roughness” ratio increase 
first. The lower halves of the spherical . 
sand grains, which are the basis of 
comparison, are of no significance at or 
near ¢ = 100%; here, half spheres evi- 
dently have the same hydrodynamic 
effect upon the boundary layer as 
whole spheres. Decreasing the density, 
a maximum is reached and subse- 
quently the equivalent sand-grain size 
decreases, approaching zero as the 
density approaches zero. Schlichting’s 
presentation was amplified by (7) test- 
ing “moderately rough surfaces,” that 
is mostly, painted surfaces. Schultz- 
Grunow says among others that the 
final constant level of the coefficient 
had not been reached in his tests, that 
a “special method” was employed to 
find the equivalent sand-grain size. At 
any rate, he again assumes that con- 
stant terminal drag coefficients will be 
reached by the investigated kind of 
roughness, without having proof for 
this conclusion. 
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EVALUATION OF EXPERIMENTS 


The aerodynamic concept of constant 
drag coefficients (squared speed law 
of resistance) was, however, not con- 
firmed 


(a) when investigating surfaces cov- 
ered with a number of rivet heads 
(8) (9), 


(b) when testing certain types of 
painted surfaces (10), 


(c) according to experience with full- 
scale ship-trial results (6). 

Available results of this kind are 
plotted in Figure 2. As far as other 
reasons may be disregarded, the di- 
verging results were correctly laid to 
the fact that the investigated rough- 
nesses had not been of the “sand” kind. 


In respect to density (concentration 
of the roughness elements on the sur- 
face) the NACA conducted tests on a 
revolving cylinder (12), covered with 
various numbers of sand grains (of 
constant diameter). Figure 3 shows: 


(a) that the drag functions of the in- 
vestigated roughnesses seem to 
originate from approximately one 
common point of C, (Rf); 


(b) that the slope of the drag coeffi- 
cient against Reynolds number is 
a function of the density. A con- 
stant value is only evident for the 
highest densities. 


In connection with point (b), the re- 
sults of Figure 1 are no longer accu- 
rate; as far as density ratios below 
o ~0.6 are concerned. Possibly, the 
graph may, however, indicate drag co- 
efficients near a maximum which is lo- 
cated somewhere above the terminal 
Reynolds number. Figure 4 shows the 
average exponent of the slopes taken 
from Figure 3, or the ratio n/n,, respec- 
tively; where n indicating the exponent 
in 


C,« (2) 


and n, the exponent corresponding to 
the smooth surface. 


Results on a revolving cylinder can 
probably mathematically be trans- 
formed to conditions on a wall in “free” 
flow, in a similar way as this has been 
done (2) when converting pipe results. 
If a suitable method to this effect can 
be found, the rotating cylinder may 


0.01 
© WNFK HOT PLASTIC 
wavy ANTI~Corrosive} REF 10 
PLAIN 
4 PAINT + Bors! RERG 
+ PLANK SHIP, REF 4% 
/o7 108 10? 


Figure 2 


HOoERWER 
499 


THE EFFECT OF ROUGHNESS CONCENTRATION UPON THE FRICTIONAL DRAG 


al 
k = 0.03 radius 
~ | 
lo | o 
“Loose, | 0.92 
0% 
10 
Figure 3 HOERNER 


also be a convenient method of testing 
all kinds of roughnesses with little ex- 
perimental equipment. 


Reference 13 gives experimental evi- 
dence on the characteristics of pipe 
flow for a systematic series of rough- 
ness densities. The findings of the last 
paragraphs are generally confirmed; 
one test point is contained in Figure 4, 
using again the slope parameter n/n, 
(where n, is quite different from that 
as applicable to the revolving cylinder 
in Figure 3). 

Reference 13 also gives information 
on the interaction between smooth sur- 
face parts, portions with moderate sand 
roughness, and single larger grains. 
Both the big and the moderately sized 
grains have their proper terminal 
Reynolds number. Accordingly, the 
drag coefficient shows first a reduction 
of slope due to the big grains which 
are quite low in density. At somewhat 
higher Reynolds number, the 100% 
sand roughness comes then into effect; 


a constant terminal coefficient is finally 
reached. Any combination of single 
elements and of smooth or rough sur- 
face portions and of rough parts vary- 
ing in grain size may thus approxi- 
mately be treated by superposition. 


Finally, a number of tests on plane 
surfaces has been evaluated, with the 
slope ratios included in Figure 4. The 
smooth-surface exponent n, is in the 
order of 1/6 for such surfaces between 
R = 10° and 10°. Kempf’s results on a 
sand-roughened pontoon bottom are 
reported (6) to show constant drag 
coefficients for densities down to 
o = 5%. However, upon closer exam- 
ination systematic deviations are found 
in the original plots of resistance 
against the square of the speed. Such 
a deviation at the upper end of the 
tested speed range in the order of, for 
instance, 1% is almost equivalent to a 
slope differing from zero correspond- 
ing to n = 0.01, which is in the order of 
some 5% of that of the smooth surface. 
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As a consequence, exponent ratios are 
found which fit into the pattern of Fig- 
ure 4.—Exponent ratios have also been 
evaluated for the painted plank body of 


Lo 


08 


0.6 | 
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Reference 10, with density ratios esti- 
mated on the basis of reported surface 
profiles. 
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ANALYSIS AT LOW DENSITY RATIOS 


Extensive information on the resist- 
ance of more or less single or concen- 
trated irregularities such as rivet 
heads, plating joints or surface holes 
have been presented in (11) as a func- 
tion of the boundary-layer thickness. 
Referring their coefficients to the effec- 
tive dynamic pressure, as correspond- 
ing to their height ratio h/§, where 
§ = total layer thickness — an “inde- 
pendent” drag coefficient “c,” is ob- 


tained. Considering the turbulent 
boundary-layer thickness of smooth 
surface decreasing as 
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(8) 


the drag coefficient of a protuberance 
within that layer will grow according 
to 


(4) 
Combining the two functions 
Cp « (5) 


which means a slow increase of the 
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drag coefficient of this kind of rough- 
ness with increasing speed. For a num- 
ber of such protuberances placed upon 
a smooth surface, the decrease of the 
total drag coefficient of this surface 
with Reynolds number will thus be 
somewhat reduced. 


Because of the flow pattern (includ- 
ing dead space and wake) every rough- 
ness element is expected to affect an 
area on the surface S to which it is 
attached — larger than its own plan- 
form area (2 k*). Approximately, 
therefore, 


n/n, = (1- Keo) (6) 


where K = Syrrectea/ (k*). For sand 
grains (spherical elements) the exper- 


imental points below o ~ 0.1 in Figure 
4 suggest K = 5. Between this limiting 
function and ¢ = 1, the test points may 
be interpolated by 
K 

For roughness elements different 
from sand grains, certain predictions 
on their characteristics as a function 
of density can be made on the basis of 
their basic drag coefficient cpmas de- 
fined in (11). Thus, for elements which 
are “finer” than the sphere, such as flat 
rivet heads, for instance; with drag co- 
efficients smaller than that of the 
sphere (¢pp ~ 0.36), K will be smaller 
than 5. A possible function for K = 2 
has been included in Figure 4 as an 
example. 


RESULTS 


Summing up, an empirical function 
has been established in Figure 4 be- 
tween the slope exponent n and the 
roughness density o. Plotting the ex- 
ponent ratio n/n, rather than the ex- 
ponent itself, it is possible to combine 
results from pipe and other tests with 
those derived from tests on more or 
less plane surfaces in “free” flow. 
Down to density ratios in the order of 
0.6, the exponent is close to zero which 
means fairly constant drag coefficients. 


Below this limit, the exponent in- 
creases, steadily approaching the value 
of n, as proper for the smooth surface 
in the particular range of Reynolds 
number. 


Discrepancies between the aerody- 
namic concept of constant terminal 
drag coefficients and the experience 
with certain types of roughnesses, es- 
pecially on ship hulls, are eliminated 
after introducing the, so far empirical 
function between slope and density. 


CONCLUSIONS 


The problem of slope C;(R) is most 
important in shipbuilding, chiefly be- 
cause the gap in Reynolds number be- 
tween the tank tests (107) and full 
scale conditions (10°) is in the order of 
1 to 100. The analysis presented in this 
paper and the mechanism of density 
and slope serve to explain most of the 
discrepancies felt to be existing in the 
past, as far as the frictional resistance 
of ships is concerned. Further experi- 


mental treatment of the roughness 
characteristics of specific paint- or 
other technical coatings or natural sur- 
faces (fouling) is, however, needed, to 
establish further, not only the slope 
but also the “terminal” Reynolds num- 
ber and with it the mentioned maxi- 
mum of the drag coefficient (against 
Reynolds number) as a function of 
roughness density. 
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This paper is primarily concerned 
with the use of rubber as a stress- 
carrying material. There are many 
other features of rubber, in particular 
its resistance to corrosion, which in- 
terest marine engineers, and these will 
be mentioned. Engineers, however, 
must judge rubber as an engineering 
material and that leads us to consider 
first its mechanical properties, which 
are unlike those of other engineering 
materials. The engineering uses of 
those properties will then be consid- 
ered. 


Raw rubber as it exists in the nat- 
ural state is useless as an engineering 
material. It must be subjected to many 
processes before it exhibits the elastic- 
ity and resilience which are its chief 
characteristics. These processes are 
chiefly the concern of the rubber tech- 
nologist but two of them are of inter- 
est to the engineer; they are com- 
pounding and vulcanization. Com- 
pounding is the process by which cer- 
tain chemical substances in selected 
proportions are incorporated into the 
mix. Chunks of raw rubber in the 
form received from the plantation are 
fed into mixing mills together with 
the chemicals and the whole is worked 
or “masticated” into a plastic mass. 
The chemical substances are sulphur, 
which is the main vulcanizing agent, 
the reinforcing materials, chiefly car- 


bon black in high-grade rubbers, and 
others which accelerate the subse- 
quent process of vulcanization, im- 
prove the “ageing” characteristics, and 
effect other improvements. The me- 
chanical properties of the compound 
depend to a considerable degree on the 
proportions of the chemical sub- 
stances. 


The final process in manufacture is 
vulcanization, or cure, and its functica 
is to restore and improve the elastic 
properties. It consists of subjecting the 
mixture to an appropriate period of 
heating. In the case of molded articles, 
this is done by placing the mold be- 
tween the steam-heated platens of a 
press. The time and temperature of 
vulcanization also govern the elastic 
properties of the product and must be 
carefully controlled. 


By variations of compounding and 
vulcanization, rubber can be produced 
in an infinite number of forms, from a 
soft brown material called a pure gum 
stock, to a hard black material called 
vulcanite or ebonite which the layman 
does not consider to be a rubber. This 
wide variety is one of the main diffi- 
culties in rubber design and because 
of it the engineer must always seek the 
advice of the rubber technologist be- 
fore selecting the compound for a par- 
ticular job. Rubber specifications have 
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not been rationalized in the same way 
as alloy steels although some progress 
in this matter is being made. Often 
the engineer is faced with meaningless 
trade names instead of precise specifi- 
cations and he naturally dislikes being 
too much in the hands of a specialist. 
However, undue concern on this score 
is not necessary because the assistance 
of reputable rubber companies in any 
engineering venture is readily forth- 
coming. 


Despite this wide variety of com- 
pounds, it is possible to describe the 
mechanical properties of rubber in 
general terms. No attempt will be 
made to describe in detail the be- 
havior of synthetic rubbers. The term 
is something of a misnomer. In syn- 
thetic rubbers, scientists have pro- 
duced artificially materials which have 
a similar chain-like molecular struc- 


ture to natural rubber and which re- 
spond to similar manufacturing pro- 
cesses. They were developed in Ger- 
many as a direct substitute for natural 
rubber and by other countries to over- 
come certain of the disadvantages, 
such as poor oil-resistance, of natural 
rubbers. During the war, however, 
when supplies of natural rubber were 
cut off, the U.S.A. expanded its pro- 
duction of synthetic rubber enor- 
mously, and this production capacity 
is maintained against a similar possi- 
bility in the future. The use of a cer- 
tain percentage of synthetic in rubber 
products is mandatory in America. 
The technical improvements of syn- 
thetic rubbers and their decreasing 
cost make them serious rivals to nat- 
ural rubber compounds. Broadly 
speaking, both natural and synthetic 
compounds show the same general 
features as regards elastic properties. 


MECHANICAL PROPERTIES 


The essential characteristics of all 
rubber-like materials is their ability 
to withstand severe elastic deforma- 
tions without serious damage. They 


have a low shear modulus and a rela- 
tively high bulk modulus. In this re- 
spect, a comparison with steel is in- 
teresting, as shown in Table I. 


TABLE I 
Bulk modulus K Shear modulus C Ratio * 
Steel 25 xX 10° Ib. per in. 12 x 10° Ib. per in.? 2.1 
Rubber of 50 
Shore hardness 0.35 X 10° Ib. per in.” 95 Ib.per in.? 3,600 


The low shear modulus of rubber 
means that small forces will produce 
large changes of shape. The bulk mod- 
ulus of rubber approaches the same 
order as that of steel, so that it has a 
high resistance to change of volume. 
It may be said that rubber is virtually 
incompressible, and it follows that, in 
design, provision must be made for the 
rubber to expand to maintain the nec- 
essary constancy of volume. A familiar 
example is the sealing ring of a wet 
liner in an oil engine. The rectangular 


groove must have approximately the 
same cross-sectional area as the rub- 
ber ring so that there is room for the 
rubber to flow into the corners. 


Owing to its large elastic deforma- 
tions, rubber is an excellent material 
for isolating vibration. It can store 
large amounts of energy; whilst a steel 
spring can store up to 100 ft. per lb. 
of energy per lb. of material a ma- 
dium-hard rubber may store several 
thousand ft. per lb. of energy per lb. 
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Rubber also shows high hysteresis so 
that in a vibrating system mounted on 
rubber there is considerable inherent 
damping of the vibrations. Another at- 
tractive feature lies in the fact that 
rubber springs can be stressed in sev- 
eral directions. The familiar rubber 
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c) 
Conical load 


bush illustrates this (Fig. 1). It is ca- 
pable of sustaining (a) torsional loads; 
(b) radial loads; (c) longitudinal - 
couples or “conical” loads and (d) 
axial loads; and the various loads and 
couples may exist in combination. By 
contrast, metallic springs can usually 
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Fig. 1—Rubber bush under various types of loading 


RUBBER IN COMPRESSION 


be stressed in one direction only. 
In engineering applications, rubber 
is usually stressed in compression and 


shear. In a compression test, a cylin- 


drical specimen takes up a_ barrel 
shape. This is due to the friction at 
the ends which restrains sideways 


expansion. In all practical applications, 
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restraint of some kind must exist and 
it is necessary to appreciate its effect 
on the apparent stiffness of the rubber; 
Fig. 2. is an illustration of this. 
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Deflexion, per cent 
Fig. 2—Effect of restraint at ends 


It shows the stress deflexion curves 
for five similar specimens when the 
frictional restraint at the end faces is 
varied by means of lubrication. Curve 
E has the smallest slope; in this case 
the use of petrolatum allows the ends 
to expand laterally so that the cylin- 
drical shape is maintained. When the 
ends are bonded, curve A, there is 
perfect restraint at the ends and the 
stiffness of the rubber is greatly in- 
creased. Curve B lies very close to 
curve A and illustrates the high co- 
efficient of friction between dry rub- 
ber and steel. (In one well-known 
make of rubber bush, the frictional 
effect is relied upon entirely to resist 
torsional loads.) Curves C and D lie 
between the extreme curves, the lu- 
brication in these cases effecting only 
partial end restraint. 
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Considering this effect further, it 
will be clear that the relative dimen- 
sions of the specimens will change the 
amount of barrelling; a short speci- 
men will not expand laterally so eas- 
ily as a longer one, with a consequent 
effect upon the apparent stiffness of 
the rubber. As an example, we may 
compare the apparent compressive 
moduli of two cylindrical specimens 
of the same height but of diameters in 
the ratio of 6:1. It will be found that 
the modulus of the shorter specimen 
is about four times that of the longer 
one for a given deflexion. Unfortu- 
nately, the moduli are not in simple 
proportion to dimensional ratios. This 
difficulty in design is overcome by the 
use of empirical shape factors, the 
most rational of which is that sug- 
gested by Kimmich,* namely, 


area of one loaded face 


total free area 


The author has published charts 
showing the chord modulus values for 
10 and 20 per cent axial deflexion for 
rubbers of different Shore hardness. 
Fig. 3 is this type of chart. These 


Shape factor—= 
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Fig. 3—Compressive stress at 20 per 
cent deflexion for various hardness 
values 


*Kimmich, E. G. 1940. “India Rubber World,” 
Vol. 103, p. 85. 
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charts are by no means universally 
used, most rubber manufacturers 
having their own empirical formulae 


or nomographic charts. There is a sad 
lack of uniformity in the various de- 
sign methods. 


RUBBER IN SHEAR 


Since deformations are almost 
wholly changes of shape, it follows 
that the most logical way to employ 
rubber is in shear. Shape factor ef- 
fects are negligible and the stress- 
strain relationship is linear. Fig. 4 
shows the results} of tests on shear 
mountings for rubbers of different 
hardnesses. The hardest rubber shows 
a linear relationship up to 0.1 strain, 
corresponding to an angular deflexion 
of 12 degrees, and the softest for a 
range up to 0.4 strain. These values 
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Fig. 4—Stress-strain curve for rubber 
in shear 


tHaushalter, F. L. “The Rubber .”” Sept. 
1939, p. 219. 


exceed the allowable practical values. 
We conclude that Hooke’s Law ap- 
plies for moderate shear strains and 
that conventional methods of design 
may be safely used. 


The practical use of rubber in shear 
involves the adhesion of the rubber 
to rigid metal parts. This adhesion is 
called “bonding” and the develop- 
ment of the process in recent years 
has_ revolutionized rubber design. 
There are two main methods of bond- 
ing; in one method the rubber ad- 
heres directly to a layer of electro- 
deposited brass and in the other ce- 
ments are used between the rubber 
and the metal. Sometimes a thin layer 
of harder rubber is used adjacent to 
the bond to improve adhesion. In all 
methods, the adhesion is effected 
during vulcanization, and bonding 
should not be confused with “sticking” 
by means of adhesives applied after 
vulcanization, which is unsuitable for 
highly stressed parts. Bond strengths 
of as high as 1,000 lb. per sq. in. are 
possible but designers rarely exceed 
50 lb. per sq. in. in components under 
pure shear subjected to alternating 
stresses. As bonding technique im- 
proves, rubber can be more effectively 
used in vibrating systems. 


A combination of compressive and 
shear deformation is frequently used 
in practice and unusual but desirable 
characteristics can be achieved in this 
way. 


TEMPERATURE AND TIME EFFECTS 


By comparison with metals, the use- 
ful temperature range of rubber is 
small and, within the useful range, 
temperature may have some effect 
upon mechanical properties. 


As the temperature of natural rub- 
ber decreases from about 0 deg. C., it 
is found that resilience fails rapidly, 
and at the same time the modulus in- 
creases steeply. The material is chang- 
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ing in character and behaves more like 
an ordinary solid, becoming tess flex- 
ible, harder and ultimately brittle. 
There is a minimum value of resilience 
which may be less than 10 per cent 
and the temperature at which this oc- 
curs is called the lower critical point. 
In natural rubber compounds, this 
temperature is around — 40 deg. C., so 
that a complete transformation is ef- 
fected over a narrow range of tem- 
perature. 


There are also changes in resilience 
and modulus over the temperature 
range 20-100 deg. C., although these 
are relatively small. It is generally 
known that temperatures above 100 
deg. C. soon lead to breakdown of the 
rubber. 


With oil-resistant synthetics, these 
effects are generally more pronounced. 
The useful temperature range is de- 
creased, particularly at the low tem- 
perature end, where the stiffening and 
loss of resilience may begin at about 
20 deg. C. and the lower critical point 
may be above 0 deg. C. 


Due account of these changes must 
be made in design and careful thought 
must be given to components that op- 
erate in sub-zero temperatures. 


Time effects reveal themselves in a 
variety of ways. Under a constant dead 
load a rubber component will continue 
to deform after the load is initially 
applied, thus exhibiting “creep.” The 
rate of creep diminishes with time and 
for all practical purposes becomes zero 


after a time, although this may take 
some hours or days. The converse con- 
dition is called “delayed elastic recov- 
ery,” which means that the initial set 
at the moment of unloading will de- 
crease as time goes on. With some soft 
compounds, the permanent set is often 
negligible after the lapse of a few 
hours. Yet another kind of time ef- 
fect is that of “stress relaxation,” 
which means that when a component 


is kept in a state of constant strain, 


the stress in it will diminish with the 
lapse of time. These effects are impor- 
tant in design; for example, when rub- 
ber is used in a transmission system, 
creep effects may cause misalignment. 


Perhaps the most important revela- 
tion of time effect is in the relationship 
of dynamic properties to static prop- 
erties. One may not use without mod- 
ification data obtained from static 
tests at slow rates of loading, as in an 
ordinary testing machine, and apply 
them to vibrating systems. For exam- 
ple, the stiffness of a particular mount- 
ing may be 20 per cent greater than 
the static value when stressed at, say, 
20 cycles per second. Some synthet- 
ics show a dynamic to static modulus 
of as much as 3 to 1. It is commonly 
accepted that the ratio for any par- 
ticular compound is constant and un- 
affected by frequency. The author has 
questioned this conclusion and has 
suggested that a careful investigation 
of the low frequency range would 
show that stiffness is a function of 


frequency. 


SOME PRACTICAL EXAMPLES 


We know from simple vibration 
theory that in order to reduce the vi- 
bration transmitted to a supporting 
structure, it is necessary to have a nat- 
ural frequency much lower than the 
disturbing frequency. This low natural 
frequency is achieved by mounting 
the engine or machine on springs of 
low stiffness. For such springs rubber 


is an excellent material. The support- 
ing structure may be a factory floor, 
an automobile chassis or a ship’s hull; 
the principles of design which must be 
observed are the same. 


Most rubber suspensions are rub- 
ber-to-metal bonded units in which, 
under normal running conditions, the 
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rubber is loaded substantially in 
shear. As we have seen, rubber has a 
low modulus in shear. There is always 


washer 


Fig. 5—Conical bush mounting 


the need to provide for overload and 
this is done by introducing compres- 
sive loading. Overloading frequently 
occurs at right angles to the axis of the 
suspension, as, for example, when a 
ship strikes a jetty. There are many 
types of patented vibration mountings 
and one of them is shown in Fig. 5. It 
consists of concentric conical shells 
between which is bonded a layer of 
rubber. As shown, the unit is unloaded. 
The central member carries the live 
load, and thus the rubber is under 
both shear and compression, the com- 
pression component becoming rela- 
tively greater as deflexion increases. 
The increasing stiffness as deflexion 
increases or, as it may be termed, the 
“rising rate” of the spring, is often a 
desirable feature. Excessive deflexions 
in the vertical direction are prevented 
by the “flange” of rubber at the upper 
end and by the rebound washer at 
the lower end. Horizontal forces place 
the rubber in compression radially, in 
which respect it is immensely strong. 


FLEXIBLE COUPLINGS 


Fig. 6 shows the Metacone system 
for mounting flexibly a small marine 
engine. It also shows a flexible coup- 
ling which has the double purpose of 
cushioning to some extent the tor- 
sional loads on the shafting and pro- 
viding for slight angular misalign- 
ment. It must be remembered that the 
flexible suspension of a marine engine 
automatically requires flexibility in 
all other connections between the en- 
gine and the hull; moreover, the prob- 
lems of misalignment arising from 
flexibility of the engine unit and from 
possible creep must be solved. Mis- 
alignment of the main shafting is not 
a new problem to the marine engi- 
neer. 


Connections to the engine must not, 
of course, be rigid. Fuel feed pipes, 


cooling water pipes and exhaust sys- 
tems must be examined from the 
standpoint of flexibility. None of the 
problems is difficult to solve even in 
big craft. 


In the smaller sizes of internal com- 
bustion marine engines the thrust 
block is accommodated within the en- 
gine. A flexible coupling between en- 
gine and shaft must then be able to 
withstand the axial forces in both 
ahead and astern running. 


The Metalastik double cone flexible 
coupling, illustrated in Fig. 7, is a 
heavy-duty design which is suitable 
for a 130 h.p. Diesel marine engine. 
The metallic are conical in shape 
with the rubber bonded between 
them. This is another example of the 
wise use of combined stresses to pro- 
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Fig. 6—-The Metacone system for flexibly mounting a small marine engine; 
also rubber type couplings 


METALASTIK DOUBLE 
CONE COUPLING 
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Fig. 7—The Metalastik double cone flexible coupling, which carries thrust load 
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Fig. 8—The Silentbloc thrust type 
coupling, showing the radially placed 
rubber trunnions, which absorb tor- 
sional vibration and compensate for a 
limited amount of misalignment 


duce maximum flexibility combined 
with high strength. 


The Silentbloc thrust type coup- 
ling. Fig. 8, employs rubber trunnions 
disposed radially around the shaft. In 
transmitting torque and in resisting 
end thrust the rubber sleeves are sub- 
jected to radial forces. They are very 
strong in this respect. This coupling, 
as well as the others, allows for a lim- 
ited degree of misalignment. Rubber 
can be weakened by fatigue and mis- 
alignment will naturally set up cyclic 
stresses. It must therefore be kept to a 
minimum and the flexibility of the 
transmission must not be made an ex- 
cuse for carelessness in lining up. 


Plummer blocks can be mounted on 
rubber compression pads where neces- 
sary, such pads being cheap and relia- 
ble. 


TORSIONAL VIBRATION 


Torsional vibration is a serious 
problem in propelling machinery, es- 
pecially with internal combustion en- 
gines. Flexible couplings automatically 
provide some benefit but designers 


tend to provide some direct means of - 


damping vibrations to some degree. 
Vibration dampers using bonded rub- 
ber are marketed. The principle of op- 
eration is to allow a heavy disc of 
comparatively high inertia to vibrate 
freely and this involves attaching it to 
the crankshaft by a suitable springing 
medium. Steel springs are commonly 
used but soft rubber is equally suit- 
able and the design is simple. An oil 
resistant synthetic rubber must be 
used. Fig. 9 shows one design used in 
automotive work in which the back- 
plate is fitted to the crankshaft at the 
free end. It is arranged to carry the 
fan driving pulley. The position of vi- 
bration dampers along the crank- 


Fig. 9—Crankshaft vibration damper 


shaft has an important bearing on 
their effectiveness although it is con- 
venient to place them only at the 
front end. The subject is complex and 
is beyond the scope of this paper but 
it seems possible that a vibration 
damper incorporated in the transmis- 
sion shafting itself in the correct posi- 
tion for a given layout could cause a 
considerable reduction in the ampli- 
tude of torsional vibration. 
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INSTRUMENT MOUNTING 


It has always seemed to the author 
that vibration in the engine rooms of 
larger vessels is given insufficient at- 
tention. Pressure gauges, revolution 
indicators and other instruments vi- 
brate about a mean reading and some- 
times lengths of piping resonate with 
the frequency of some piece of ma- 
chinery. In motoring, the comfort of 
the passenger is a foremost considera- 
tion and designers are forever finding 
new ways of eliminating discomfort 
arising from engine and vehicle vibra- 
tion. Simple rubber components can 
often bring about improvement. It 
seems that discomfort in the engine 
and boiler rooms of a ship is accepted 
as inevitable but one sometimes won- 
ders whether any serious attempt is 
made to reduce it to a minimum. Vi- 
bration can assume many forms, and 
can do many kinds of damage. Me- 
chanical damage is well known and 
every designer is alert to such a pos- 


sibility but human damage is treated 
casually. Research has shown that 
vibration is fatiguing to the human 
frame, impairs concentration and effi- 
ciency and may be physically harmful. 
Continuous noise, especially if it is 
high-pitched, is a type of vibration 
which can be very objectionable. In 
passenger ships, vibrations of many 
kinds must be considered and one may 
ask whether the usefulness of rubber 
in vibration absorption is fully appre- 
ciated by ship designers. 


Instrument mounting by means of 
bonded rubber components is highly 
developed in the aeronautical field 
and could be extended with advantage 
to marine engineering. Rubber sheet- 
ing and various rubber composition 
materials might be applied to bulk- 
heads, deck and machinery casings to 
lessen noise and other vibration, and 
the cost of such improvement would 
be very small. 


CORROSION RESISTANCE 


Rubber has been considered chiefly 
as a_ stress-carrying material but 
there are other uses which solve en- 
gineering problems. Three develop- 
ments will be described by way of ex- 
ample. 


The corroding and eroding action 
of sea water on metallic surfaces is a 
problem which continually faces the 
marine engineer, and rubber can be 
used with advantage in preventing 
damage from these causes. A tech- 
nique has been evolved by which rub- 
ber sheeting of 4%-in. thickness can be 
bonded to large areas and a few com- 
panies specialize in this work. The 
work is best done in the factory where 
there are adequate facilities for clean- 
ing the surfaces and applying the heat 
and pressure necessary for “curing” 
the rubber. However, the condenser 
doors of H.M.S. Vanguard were 


treated without removing them from 
the engine room and this work was 
done by a mobile team of the Andre 
Rubber Company. The steel surface 
has first to be made thoroughly smooth 
and clean; this may entail welding up 
corrosion pits or other imperfections 
and grinding the surface smooth, since 
quite small air bubbles will expand 
and prevent adhesion when heat is ap- 
plied. Both the metal and the rubber 
sheets are coated with a special cement 
and a degree of adhesion takes place. 
Special care is taken with overlaps 
and around protrusions. Hand rolling 
is used to effect good contact. The 
rubber at this stage is not fully vul- 
canized and is thus sufficiently plastic 
to follow the contours of the surface. 


In the case of the Vanguard, the 
doors were bolted in position on the 
condenser, the various openings were 
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sealed and the ship’s own steam sup- 
ply was used to effect the vulcaniza- 
tion of the rubber. A careful inspec- 
tion of the work was carried out to 
make certain that there were no im- 


perfections in the surface through 
which sea water could penetrate, and 
an electric spark method was used to 
locate the imperfections. They may be 


easily repaired. 


THE CUTLESS BEARING 


In the stern tube bearing of the Cut- 
less type, rubber is used as the wear- 
ing surface. Here the good resistance 
to abrasion and low coefficient of fric- 
tion of wetted rubber are the proper- 
ties which recommend its use. The B. 
F. Goodrich Company in the United 
States of America and the British Tire 
and Rubber Company in Britain are 
specialists in this application of rub- 
ber. 


The rubber is inserted in segments 
with bronze backing which are dove- 


tailed into the main housing. The seg- 
ments are easily renewable. It is said 
that the frictional resistance of this 
type of bearing is comparable with 
that of roller bearings. There is no 
shortage of the necessary lubricant, 
water, and the presence of sand and 
grit is not so detrimental as in hard- 
surfaced bearings. Up to fifteen times 
the life of an orthodox bearing has 
been recorded and the cushioning ef- 
fect of the rubber cuts down vibra- 
tion and noise even when the bearing 
is worn. 


CONDUCTIVE RUBBER 


We think of rubber as an almost 
ideal insulator but a recent develop- 
ment is electrically conductive rubber. 
The property of conductivity is ob- 
tained by incorporating in the rubber 
a special type of acetylene black. 
When an electrical potential is applied 


between two points, current flows. 


through this carbon structure. Often 
aluminum foils are embedded in a 
panel of this rubber to assist the flow 
of electricity. 


This development interests a num- 
ber of engineers. The aeronautical en- 
gineer can use it to prevent ice for- 
mation and the build-up of static 
charges. In printing machinery, static 
electricity makes the paper hard to 
handle and this problem can be elim- 
inated by the use of conductive rub- 
ber. In explosive atmospheres, static 
charges set up on rubber belting can 
be dangerous and can now be avoided. 
Conductive rubber can be used to lag 


pipes when the temperature needs to 
be closely controlled. 


In heating and refrigeration engi- 
neering, the development is specially 
welcome. In space heating, large low- 
temperature panels are preferable to 
small high-temperature elements, and 
in the U.S.A. this application is well 
established. Large panels of pleasant- 
ly decorated effect are attached to the 
walls and operate between 100 and 150 
deg. F. 


Conductive rubber is being applied 
to marine work. It can maintain a con- 
stant temperature in a ship’s hold 
when used in conjunction with sim- 
ple thermostatic controls; cabin heat- 
ing is a similar application. In refrig- 
eration work it can prevent condensa- 
tion. 


It has been shown that rubber can 
fairly be classed as an engineering ma- 
terial. The paper has emphasized the 
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importance of rubber in its highly- 
stressed form only because the author, 
being a mechanical engineer, is par- 
ticularly interested in that type of ap- 
plication. But the problems of the en- 
gineer, whatever his field of interest, 
are many and varied. He is concerned 
with corrosion as well as fatigue; with 
human comfort as well as mechanical 
reliability; with aesthetic as well as 
functional requirements. To solve his 
problems he must gather as many ma- 
terials into his net as he can—plastics, 
timber, leather, ceramics and rubber 


as well as metals. And to use these ma- 
terials effectively, he must know 
something of their properties and 
characteristics, enough to guide him 
when occasion demands to the special- 
ists in those materials. 


Rubber is a newcomer to some 
fields of engineering. Prejudice lingers 
on regarding some of its applications 
and prejudice often springs from lack 
of knowledge. This paper has at- 
tempted a quick glance at a wide field 
and it is hoped that the view has been 
sufficient for its purpose. 
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DISCUSSION 
of 
AIR CONDITIONING AFLOAT—RECENT 
DEVELOPMENTS 


by 


A. S. PANELLA and E. H. HONEGGER 
Page 63 Vol.66 No.1 #£February 1954 


E. |. du PONT de NEMOURS & COMPANY 


Incorporated 


WILMINGTON 98, DELAWARE 
March 24, 1954 


American Society of Naval Engineers, Inc. 
605 F Street, N.W. 

Washington 4, D. C. 

Gentlemen: 


LEGAL DEPARTMENT 


We notice that the February, 1954, issue of the JouRNAL OF THE AMERICAN 
Socrery or Navat ENGINEERS contains an article by Mr. A. S. Panella and Mr. 
E. H. Honegger entitled “Air Conditioning Afloat—Recent Developments.” In 
this article du Pont’s trade-marks “Freon” for fluorinated hydrocarbon refrig- 
erants, “Freon-11” for trichloromonofluoromethane and “Freon-12” for dichlo- 
rodifluoromethane are frequently used as if they were descriptive or generic 
terms. 


Delighted as we are with the recognition given to our products, we are at the 
same time concerned about this use of our trade-marks—no doubt an oversight 
—as descriptive or generic terms. The terms “Freon,” “Freon-11” and “Freon- 
12” are registered trade-marks of the du Pont Company, and if they are not 
identified as trade-marks in some distinctive manner whenever they are used, 
there is a danger that they may become synonymous with their generic terms 
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DISCUSSION 


In such a case we would lose all our rights to the terms “Freon,” “Freon-11” and 
“Freon-12” since they would no longer identify the du Pont Company as the 
source or origin of the products which it manufactures—the very purpose for 
which these terms were selected as trade-marks. 


To assist us in protecting our trade-marks, we ask you, as we ask many other 
publications and companies which use our marks, to capitalize the first letter of 
these marks and place them within quotation marks or otherwise treat them in 
some distinctive manner to set them apart from other words as trade-marks. 
We also ask that you use the generic term immediately following the marks at 
least once each page of copy. With the trade-mark “Freon” the generic term 
would be fluorinated hydrocarbon refrigerants; with the mark “Freon-11,” tri- 
chloromonofluoromethane; and with the trade-mark “Freon-12,” dichlorodi- 
fluoromethane. 


In addition, when another company or publication uses our marks, we ask 
them to designate the marks as those of the du Pont Company to avoid any 
doubts as to the ownership of the marks. We frequently recommend that the 
indication of ownership and the generic term be combined in a footnote to which 
the attention is drawn by the use of an asterisk or other similar device imme- 
diately following the marks. In the case of the trade-marks “Freon,” “Freon- 
11” and “Freon-12” such a footnote might state, “Registered du Pont trade-mark 
for fluorinated hydrocarbon refrigerants, or trichloromonofluoromethane, or 
dichlorodifluoromethane” as the case may be. 


We call this oversight in the use of our trade-marks to your attention with 
confidence that you will assist us in protecting our interests in these terms as 
trade-marks in any future use of these and other du Pont trade-marks in the 
JOURNAL OF THE AMERICAN SOCIETY OF NAVAL ENGINEERS. 


Very truly yours, 


TayLor W. HANAvAN 
Of Counsel 


BOOK NOTICES 


THE RADIO AMATEUR’S HANDBOOK 
31st Edition 1954 


The Standard Manual of Amateur Radio Communication 
Published by the 
AMERICAN Rapio RELAY LEAGUE 
West Hartford. Conn., U.S.A. 


534 pages of text profusely illustrated plus 65 pages of miscellaneous data 


Price: In the U.S.A. Proper, $3.00 
In U.S. Possessions and Canada, $3.50 
Elsewhere, $4.00 


The 27 chapters of this handbook contain a revision of the previous edition. 


In so doing, the entire technologic field of interest in radio is brought right up 
to date. 
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DIED 
HOBBY, THOMAS F., Naval Member 
LOVE, EDWIN. Civil Member 
NEWELL, WILLIAM S., Civil Member 
POWELL, JOSEPH WRIGHT, Naval Member 
SANFORD. EDWARD R., Naval Member 
STILL, DONNELL MOODY, Naval Member 


| 
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Courtesy Electric Boat Division of General Dynamics Corp. 
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DAVID STARK NEWELL 


The American Society of Naval Engineers joins 
a host of mourners over the death of David Stark 
Newell, Chairman of the Board of the Bath Iron 
Works, Bath, Maine. Mr. Newell joined the So- 
ciety in 1902 and served as a member of its Coun- 
cil in 1941. 


Mr. Newell's career was so broad, his contribu- 
tion to the United States in peace and war and to 
its allies in war so great, his life so full that any 
attempt to describe them in a few words proves 
impossible. 


In "Pete" Newell's death, the Society loses an 
old, steadfast and loyal member; the nation loses 
a MAN. 
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CHANGES IN MEMBERSHIP 


The Society is very much pleased to announce that the following have joined 
the Society since the publication of the February, 1954, JourNnat: 


NAVAL 


Allen, Frederick Stevens, Commander, USN, 
Inspection Officer, Asst. Ind. Mgr., San Francisco, Calif., 
Mail: P.O. Box 363, Ross, Calif. 


Bilbo, Charles Allen, Lieutenant, USN, 
Office Supervisor S.B., Newport News, Va., 
Mail: 113 Gilbert St., Hampton, Va. 


Brasel, John Royal, Commander, USN, 
Mail: 2715 29th St., S.E., Washington 20, D.C. 


Brockway, John Hadley, Captain, USN, 
Bureau of Ships, Navy Dept., Washington, D.C. 
Mail: 7606 Hammond Ave., Tacoma Park, Md. 


Creed, Duncan Lincoln, Lieut. Commander, USN, 
313 Kent St., Falls Church, Va. 


Gillmer, Thomas Charles, Asso. Prof. M.E., 
Dept. of Marine Engineering, US Naval Academy, Annapolis, Md. 


Hilmar, Harold Oscar, Commander, USN 
Bureau of Ships, Navy Dept., Washington, D.C., 
Mail: 2317 Arthur Ave., Silver Spring, Md. 


Hodder, Jack Finley, Ens. (CEC) USNR, 
Design Engr. Fan Div. Joy Mfg. Co., New Philadelphia, Ohio, 
Mail: 451 East Far Ave., New Philadelphia, Ohio. 


Hofer, James Vincent, Lieutenant, USNR, 
Mech. Engr., Patch & Zimmerman, Engineers, 
Mail: 1505 Garden Drive, Kingsport, Tenn. 


Howard, F. Carroll, Lieut. Commander (SC), USNR, 
Manager Govt. Dept., Crane Co., 
1225 Eye St., N.W., Washington, D.C. 


Hunter, Harold T., Lieutenant, jg., USNR, 
Bureau of Ships, Navy Dept., Washington, D.C. 
Mail: 355 James St., Falls Church, Va. 
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Jones, James William, Lieut. Commander, USN, Ret., 
Engineering Dept., Hoffman Laboratories, Inc., 
801 Washington Bldg., Washington, D.C. 


Kimpflen, Joseph Francis, Lieutenant, jg., USNR, 
Sales Engineer, RCA, 
Camden, N. J. 


Layton, Ernest Gaston, Lieutenant, jg., USN, 
USS BELTRAMI (AK 162), c/o Fleet P.O., New York, N. Y. 


Leary, Ramon William, Lieutenant, jg., USN, 
USS VESOLE (DDR 878), c/o Fleet P.O., New York, N. Y. 


Lenihan, Jeremiah Edward, Lieutenant, USN, 
181 Summer St., Arlington 74, Mass. 


Miller, James Roger, Lieutenant, jg., USN, 
E.E. Dept., U.S. Naval Academy, Annapolis, Md. 


Peterson, Carl Arthur, Captain, USN, 
U.S. Naval Engineering Experiment Station, Annapolis, Md. 


Powelson, Richard Raymond, Lieutenant, jg., USN, 
RFD No. 6, Brown’s Road, East Haven 12, Conn. 


Reamy, Thomas Gordon, Captain, USN, 
Inspector of Machinery, USN, 
General Electric Co., Schenectady, N. Y. 


Rogers, Elbert Charles, Captain, USN, Ret., 
3512 Albemarle St., Washington 8, D.C. 


Spriggs, Walker Gray, Lieutenant, USNR, 
Chief Mech. Engr., Propulsion Wind Tunnel, Corps of Engineers, 
Mail: Box 93, Tullahoma, Tenn. 


Thompson, Edward M., Rear Admiral, USN, Ret., 
Consultant, Consultants, Inc., 
Mail: Mt. Vernon, Va. 


Vollenweider, Robert William, Lieutenant, USN, 
Bureau of Ships, Navy Dept., Washington, D.C. 
Mail: 5436 North Carlyn Spring Road, Arlington, Va. 


CIVIL 


Barrow, George R., Field Metallurgist, Haynes Stellite Co., 
Mail: 29 Avondale Road, White Plains, N. Y. 


Bonner, David T., President, Reeves Instrument Co., 
215 E. 91st St., New York 28, N. Y. 


Brandt, Weldon Henry, Manager, Special Products, 
Westinghouse Electric Corp., 
Mail: 1844 Ardmore Blvd., Pittsburgh 21, Pa. 
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Carrington, Daniel V., Branch Manager, National Supply Co., 
Engine Division, 
Mail: 7514 Moline, Houston, Texas. 


Cherniak, George S., Vice President, Engineering 
Control Engineering Corp., Norwood, Mass. 


Collins, Charles Richard, Special Sales Rep., 
B. F. Goodrich Co., 1112 19th St. N.W., Washington, D. C. 


Connaughton, James F., Vice President 
Baldwin-Lima-Hamilton Corp., 
Paschall P.O., Philadelphia 42, Pa. 


Coy, Edward F., Manager, Sales Dept., Air Arm. Div., 
Westinghouse Electric Corp., 
Friendship Air Port, Baltimore 3, Md. 


Crossland, Henry Allen, Dist. Mgr., Heavy Military | 
Electronics Equipment Dept., General Electric Co., 
777 14th St., N.W., Washington, D.C. 


Cunningham, Oliver Bovard, Manager, Radiation Engrg. Sec., 
Engineering Dept., RCA Victor, Camden, N. J. 


Cushman, Charles D., Washington Rep., 
RCA International Div., 
Mail: 3804 East-West Highway, Chevy Chase, Md. 


Douglas, Theodore Miller, Vice President and General Works Manager, 
Federal Telephone and Radio Co., 
100 Kingsland Road, Clifton, N. J. 


Everett, Fred E., Assistant Mgr., Marine Dept., 
Westinghouse Electric Corp., 
1625 K St. N.W., Washington, D. C. 


Hanners, Harvey William, Chf. Research Engr., 
National Supply Co., Engine Div., 
1401 Sheriden Ave., Springfield, Ohio. 


Harrison, Bertram Morecroft, Chf. Engr., Sonic Div., 
Ultra Sonic Corp., 
Mail: 78 Longfellow Road, Wellesley Hills 82, Mass. 


Hester, Lewis A., Manager of Sales, 
Baldwin-Lima-Hamilton Corp., 
Paschall P.O., Philadelphia, Pa. 

Holmes, Ralph S., Director of Research Contracts, 


RCA Laboratories Div., 
David Sarnoff Research Center, Princeton, N. J. 


Hornsby, John W., Vice President, 
New York Shipbuilding Corp., Camden, N. J. 


Kettler, Alfred Henry, Manager Special Devices, 
Engineering Section, RCA Bldg., 13-5, Camden, N. J. 
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Kissinger, Walter Willis, 
Bureau of Ships, Navy Dept., Washington, D. C. 
Mail: 9908 Colesville Road, Silver Spring, Md. 


Kurtz, Roy E., Purchasing Agent, 
Philadelphia Bronze & Brass Corp., 
22nd & Master Sts., Philadelphia 21, Pa. 


Letherbury, John B., Naval Architect, 
New York Shipbuilding Corp., Camden, N. J. 


Liston, Andrew, Sales Mgr., Industrial & Defense Products Dept., 
Baldwin-Lima-Hamilton Corp., Philadelphia, Pa. 


McGough, Richard P., Contract Administrator, RCA, 
Mail: 6215 Montague St., Philadelphia 35, Pa. 


McMenamim, Joseph Charles, Sales Engr., 
Mica Insulator Co., Schenectady, N. Y. 
Mail: 748 W. Springfield Road, Springfield, Pa. 


McMillan, Wallace A., Asst. Mgr., Technical & Research Div., 
The Texas Co., 135 E. 42nd St., New York, N. Y. 


McMunn, William M., Manager, Emergency Products, 
Westinghouse Electric Corp., Sharon, Pa. 


McQuade, John E., Engr., Rheem Mfg. Co., 
P.O. Box 3669, Philadelphia 25, Pa. 


Meir, Wilber L., President, 
Chatham Electronics Corp., 
630 Mt. Pleasant Ave., Livingston, N. J. 


Miller, Carlyle William, Sales Engrg. Mgr., 
Westinghouse Electric Corp., Electronics Div., 
2519 Wilkins Ave., Baltimore 3, Md. 


Miracito, Paul S., Defense Coordinator, 
Burroughs Corp., 6071 Second Blvd., Detroit, Mich. 


Nabstedt, Tracy Snow, Vice President, 
Nabstedt Gear Corp., 
P.O. Box 1753, New Haven, Conn. 


Newton, Joe Harold, Staff Asst., National Supply Co., 
Engine Div., Springfield, Ohio, 
Mail: 1812 Fairway Drive, Springfield, Ohio. 
Ogg, Robert Samuel, Asst. Gen. Sales Mgr., 
Hamilton Div., Baldwin-Lima-Hamilton Corp., 
Hamilton, Ohio. 


Peirce, Stanley Dexter, Mgr., Govt. Control, 
Control Engineering Corp., 
Mail: 21 Vine St., Beverly Farms, Mass. 
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Porter, Richard William, General Manager, 
Guided Missile Dept., General Electric Co., 
Mail: 1005 Millington Road, Schenectady, N. Y. 


Rowse, Raymond H., Dist. Manager, Timken Roller Bearing Co., 
823 Transportation Bldg., Washington, D. C. 


Scala, Anthony, Sec.-Treas. & Gen. Mgr., 
Chatham Electronics Corp., 
630 W. Mt. Vernon Ave., Livingston, N. J. 


Schultz, David T., Vice President, 
Raytheon Mfg. Co., Waltham 54, Mass. 


Schrader, Harold J., Manager, 
Advanced Development Engineering, RCA, Camden, N. J. 
Mail: 556 W. Crystal Lake Ave., Haddonfield, N. J. 


Seagren, Joh, Chief Engr., 
National Supply Co., Engine Div., Springfield, Ohio. 


Simpson, John Wister, Asst. Div. Manager, Technical Operations, 
Atomic Power Div., Westinghouse Electric Corp., 
P.O. Box 1468, Pittsburgh 30, Pa. 


Smith, William Waits, Div. Mgr., Aviation Gas Turbine Div., 
Westinghouse Electric Corp., 
P.O. Box 288, Kansas City, Mo. 


Snyder, Eugene A., Export Manager, 
Baldwin-Lima-Hamilton Corp., Lima, Ohio. 


Sponsler, Charles F., Jr., Mgr., Marine & Land Section, 
Westinghouse Electric Corp., East Pittsburgh, Pa. 


Stengel, George J., Vice-President, 
Telephonics Corp., Park Ave., Huntington, N. Y. 


Stengel, J. Frank, President, ; 
Telephonics Corp., Park Ave., Huntington, N. Y. 


Teale, Edward L., Executive Vice President, 
New York Shipbuilding Corp., Camden, N. J. 
Mail: 632 Chester Ave., Moorestown, N. J. 


Von Hoermann, Adolf, Chf. Engineer, MAN, 
Iselerstr 11d, Augsburg, Germany (West Zone). 


Watters, Edward C., General Engr., 
Bureau of Ships, Navy Dept., 
Mail: 1709 Dennis Ave., Silver Spring, Md. 


Wilson, Richard MacDonald, Manager Mississippi Dist., 
Westinghouse Electric Corp., St. Louis, Mo. 
ASSOCIATE 


Beall, Wilmer B., Bureau of Ships, Navy Dept., 
Mail: Apt. 211, 829 Quincy St., N.W., Washington D. C. 
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Edwall, Warren E., Navy Contracting Group, RCA Victor, 
Mail, 2723 D. St., S.E., Washington, D.C. 


Ewing, James Hunter, Sale Engr., Gawler Knoop Co., 
Mail: 6100 18th Road, North, Arlington, Va. 


Fitzgerald, J. Norman, Vice President, 
Warner Lewis Co., Div., Fram Corp., 
P.O. Box 3096, Tulsa 8, Okla. 


Flocks, William R., Vice President, 
Aviation Corporation of Texas, 
P.O. Box 6007, Houston, Texas. 


Galusha, Arthur William, Dist. Rep., 
General Electric Co., Room 900, 
777 14th St., N.W., Washington, D. C. 


Graper, Henry Elbert, Govt. Contract Administrator, 
Blackmer Pump Co., Grand Rapids, Mich., 
Mail: 1817 Kreiser Drive, S.E., Grand Rapids, Mich. 


Johnson, Kalwey H., Bogue Electric Co., 
Mail: 2820 28th St., N.W., Washington, D. C. 


Konolige, George C., Jr., Lt. Col., USAFR, 
Assistant to President, Reeves Instrument Co., 
215 E. 91st St., New York 28, N. Y. 


Lepre, Jack F., Lieut. Col., USAFR, 
Assistant to President, Reeves Instrument Co., 
215 E. 91st St., New York 28, N. Y. 


Lewis, Warner, President, Warner Lewis Co., Div. Fram Corp., 
Box 3096, Tulsa, Okla. 


MacDonald, Patrick Joseph, Lieut. (E) (AF), RCNCR, 
Plant & Safety Engr., Davie Shipbuilding, Ltd., 
Mail: 65 B Rue Fraser, Levis, Quebec, Canada. 


Malcarney, Arthur L., Gen. Production Manager, RCA, 
Front & Cooper Sts., Bldg. 15-7, Camden 2, N. J. 


Massoth, Thomas W., Mgr., Operation Control, 
Engineering Production Div., 
15-7, RCA, Camden, N. J. 


Orth, Richard Tempel, Vice President and Gen. Mgr., 
Tube Div., RCA, 
Mail: 415 S. 5th St., Harrison, N. J. 


Palmer, Carl William, Manager Plant Products, 
The National Supply Co., 
P.O. Box 135, Station B, Toledo, Ohio. 


Parran, Benjamin, Light Military Electronics Equipment Dept., 
General Electric Co., 
French Road, Utica, N. Y. 


527 


CHANGES IN MEMBERSHIP 


Pearce, E. Freeman, Vice President, M. T. Davidson Pumps, 
Mail: 31 South Ave., Beacon, N. Y. 


Reed, Allen F., Comptroller, 
Raytheon Mfg. Co., Waltham 54, Mass. 


Richmond, Millard Colley, Washington Rep., 
Radio Div., Western Electric Co., Inc., 
713 Cafritz Bldg., Washington 6, D. C. 


Scharffenberger, George T., Vice President, 
Federal Telephone & Radio Co., 
100 Kingsland Road, Clifton, N. J. 


Siemens, Rudolph H., Res. & Dev. Govt. Sales, 
Tube Div., RCA, 
Mail: 7 Knollwood Drive, No. Caldwell, N. J. 


Smith, Gerald Thomas, Purchasing Agent, 
New York Shipbuilding Corp., 
Mail: 201 Linden Ave., Riverton, N. J. 


Willets, Thomas S., Jr., Sales Manager, 
Special Products, Maxim Silencer Co., 
85 Homestead Ave., Hartford, Conn. 


Winter, Frank Joseph, Govt. Sales Rep., 
Radio Div., Western Electric Co., Inc., 
120 Broadway, New York 5, N. Y. 


TRANSFERRED ASSOCIATE TO CIVIL 
Armstrong, John B. 
Kaemmerer, Raymond J. A. 
MacMillan, Douglas Clark. 


REJOINED 
Heinzen, Harry R., Civil Member. 
Partridge, S. C., Civil Member. 
Tower, Burton H., Civil Member. 


RESIGNED 
CIVIL ASSOCIATE 
Carter, E. Robert Farrel, Franklin, Jr. 
Potter, Edwin E. Linford, J. W. 
Thompson, Laurence Lyman, A. F. 


Warriner, Robert 
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ASSOCIATION NOTES 


ASSOCIATION NOTES 


ORIGINAL ARTICLES 


The editor of the JourNaL is most anxious to obtain manuscripts of original 
articles on subjects of interest to naval engineers. Any manuscript accepted for 
publication becomes the property of the Society which copyrights it upon publi- 
cation. Authors are paid from $40.00 to $150.00 depending upon length, interest 
and professional value. 


The rules for manuscripts are as simple as we can make them. 


1. They must be legible (typewritten, double-spaced preferred) since no proof 
is submitted to authors for correction prior to printing. 


2. Single copy only is required. 


3. Mathematical formulae used must be set up, preferably by hand printing, 
so that there can be no question as to symbols, subscripts and exponents. 


4. Any drawing submitted must be black on white. A cloth or paper tracing is 
acceptable but not required. 


5. Photographs may be negatives, but glossy prints are acceptable. 


6. Include on a separate page a short biographical sketch (es) of the author(s). 
50 to 100 words for each author is desired. 


Manuscripts should be addressed to: 


Secretary-Treasurer 

American Society of Naval Engineers 
605 F St., N. W. 

Washington 4, 


Manuscripts accepted will not be returned unless specifically requested by the 
author. If returned, they will be in the condition which has resulted from the 
work of the printer and the engraver. Immediately following publication, the 
author is furnished 10 reprint copies of his article free of charge. Additional 
copies may be purchased from the Society if the request is received 30 days prior 
to the publication date which is the 25th of the issue month. Estimate of cost of 
additional reprints, which will vary with the nature of the article and the number 
of copies ordered, will be furnished on request as soon as possible after the article 
is set up. 


Manuscripts not accepted will be returned, postpaid, by the Society. 


Manuscripts which are accepted will be published in the earliest JourNAL 
which has not yet been closed (60 days before publication) and for which suffi- 
cient material is not already on hand. 
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PHOTOGRAPHS 


Photographs of current or historical interest to readers of the JOURNAL are 
desired. Any which are accepted by the Society will be purchased by the Society 
at a standard price of $5.00 each. Such purchase will not include any copyright 
by the Society, but the contributor must hold the Society free from any charge 
of violation of any previous copyright. 


NOTICE OF DEATHS 


The Society has no satisfactory machinery for obtaining notice of deaths of 
members. It is particularly desired that we receive such notice upon the death of 
any past officer, past member of the Council or member of more than twenty 
years’ standing with photographs and short obituaries. It will be appreciated 
greatly if any member who learns of the death of a member will advise the 
Secretary-Treasurer. 


SOCIETY LAPEL BUTTONS 


Shown below is an illustration of the lapel button of the Society. It is believed 
that it will be conceded that this is a very fine dignified insignia. It is one-half 


inch in diameter. 
The oak leaves and lettering are red on a gold background. 
It is available to all members at fifty cents (50c) each. 


Permission is granted to reprint any original article contained herein if the 
following conditions are met: 


a) Credit is given to the Journat with reference to the issue. 
b) Credit is given to the author. 


c) If the author is a military officer or a civilian employe of the Department of 
Defense, the following note shall be carried: 


“The views expressed herein are the personal ones of the author and are 
not necessarily the official views of the Department of Defense or of a Mili- 


tary Department.” 
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SECRETARIES OF THE SOCIETY 


Current: 
Captain J. E. Hamitton, Navy, Retired 


Past Secretaries: 
1889 P.A.Engineer R.S. Grirrin, U.S. Navy 
1890 Assistant Engineer W. M.McFartanp, U.S. Navy 
1891 Assistant Engineer Emm Tuetss, U.S. Navy 
1892-93 P. A. Engineer W. M. McFartanp, U.S. Navy 
1894-95 P. A. Engineer R. S. Grirrin, U.S. Navy 
P. A. Engineer F. C. Brec, U.S. Navy 
P. A. Engineer W. M. McFartanp, U.S. Navy 
Chief Engineer A. B. WitIts, U. Ss. Navy 
Lt. Comdr. A. B. Witits, U.S. Navy 
Lieutenant B. C. Bryan, U.S. Navy 
Lieutenant C. W. Dyson, U.S. Navy 
Lt. Comdr. Jonn R. Epwarps, U.S. Navy 
Lieutenant M. E. Reep, U.S. Navy 
Lieutenant W. W. Ware, U.S. Navy 
Lieutenant C. K. Mattory, U.S. Navy 
1907-08 Lt. Comdr. T. C. Fenton, U.S. Navy 
1909-10 Lieutenant H. C. Dincer, U.S. Navy 
1911 | Commander U. T. Hotmgs, U.S. Navy 
1912 Lieutenant JoHN Hatiican, U.S. Navy 
Lt. Comdr. E. L. Bennett, U.S. Navy 
1913 Lieutenant O. L. Cox, U.S. Navy 
1914 Lt. Comdr. H. C. Drncrr, U.S. Navy 
1915-16 Lieutenant A. T. Courcu, U.S. Navy 
1917 it Comdr. J. O. RicHarpson, U.S. Navy 
Lt. Comdr. F. W. STer.ine, U.S. Navy, Retired 
1918 Lt. Comdr. F. W. Srer.ine, U.S. Navy, Retired 
1919 {ee Comdr. F. W. STERLING, U.S. Navy, 
Commander J. S. Evans, U. S. Navy 
1920 Commander J.S. EVANs, U.S. Navy 
1921 / Commander J. S. Evans, U.S. Navy 
Commander S. M. Rosinson, U.S. Navy 
1922-23 Commander S. M. Rosrnson, U.S. Navy 
1924-25 Commander Bryson Bruce, U.S. Navy 
1926 Commander A. M. CuHartrton, U.S. Navy 
1927 Commander H. B. Hirp, U.S. Navy 
1928 B. Hp, U.S. 
Captain O. L. Cox, U. 
1929-30 Commander H. T. ‘SmrTH, U.S. Navy 
1931 Captain O. L. Cox, U.S3 S. Navy 
1932. Commander H.F. D. Davis, 
1933-34 Commander H. B. Hirp, U. S.N 
1935 Commander C. S. GmerTe, Uz. S. ;= 
1936 Commander C. S. GILLETTE, U. S. Navy 
Commander RoceEr W. Paine, U.S. Navy 
1937 Commander Rocer W. Paring, U.S. Navy 
1938 1 Commander Rocer W. Parne, U.S. Navy 
Lt. Comdr. Guy Cnapwick, U.S. Navy 
1939-40 Lt. Comdr. Guy Cuapwicx, U.S. Navy 
1940-44 Captain J. E. Hammtton, U.S. Navy 
1945 Commander R. T. SUTHERLAND, JR., U.S. Navy 
1945-48 Captain F. W. Watton, U.S. Navy 
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